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SAE Kombiheck: Verteilung der Druckgradientenkraft
(Windkanal Untertürkheim)
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ohne Motorraum-
verkleiung (Variante 7)
Übergang A-Säule bündig
(Variante 14)
Bugspoiler
(Variante 11)
Heckverlängerung
(Variante 12)
Heckverlängerung und
Spoilerkante (Variante 13)
Heckspoiler in Dreiecksform
(Variante 15)
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m	
 %
-0.03 -0.02 -0.01 0 0.01 0.02
-0.03
-0.02
-0.01
0
0.01
0.02
M1:1 stehend / M1:4 stehend
Winkelhalbierende
c W
M
1:
4,
st
e
he
n
d
∆
cW M1:1, stehend∆
Steigung m=1,023
Korrelationskoeff. R=0,912
-0.03 -0.02 -0.01 0 0.01 0.02
-0.03
-0.02
-0.01
0
0.01
0.02
M1:1 drehend / M1:4 stehend
Winkelhalbierende
c W
M
1:
4,
st
e
he
n
d
∆
cW M1:1,drehend∆
Steigung m=0,785
Korrelationskoeff. R=0,915
-0.03 -0.02 -0.01 0 0.01 0.02
-0.03
-0.02
-0.01
0
0.01
0.02
M1:1 stehend / M1:4 stehend
Winkelhalbierende
c W
M
1:
4,
st
e
he
n
d
∆
cW M1:1, stehend∆
1
2
3
14
12
11
13 3
7
8
9 6
10
15
4
5
Varianten-Nr.
-0.03 -0.02 -0.01 0 0.01 0.02
-0.03
-0.02
-0.01
0
0.01
0.02
M1:1 drehend / M1:4 stehend
Winkelhalbierende
c W
M
1:
4,
st
e
he
n
d
∆
cW M1:1,drehend∆
Varianten-Nr.
1
2
3
4
14
11
12
13 5
7
8
15 9
10
6
-0.03 -0.02 -0.01 0 0.01 0.02
-0.03
-0.02
-0.01
0
0.01
0.02
M1:1 drehend / M1:4 drehend
Winkelhalbierende
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M
1:
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dr
e
he
n
d
∆
cW M1:1,drehend∆
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-0.03 -0.02 -0.01 0 0.01 0.02
-0.03
-0.02
-0.01
0
0.01
0.02
M1:1 drehend / M1:4 drehend
Winkelhalbierende
c W
M
1:
4,
dr
e
he
n
d
∆
cW M1:1,drehend∆
Varianten-Nr.
1
2
14
34 12
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11
5
7
8
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10
6
 




-

zc-ILI^TYK\MPndZ-ORTYIzcIdM r ndw+TYZ7gTYI ndT

ﬂ$
y--Obub7R
TYKKHO
R
%TYI^Z\TVOr M	_
I YTYHQ Z\O
	'w
_ApMPO
Q-Z\Q	W	TYZonﬁR
TYIs7R
TVO
ULZX H
KNM ndZ\	O
-  i 
	 
 
	
	 "
	
 
  



F	

     
\
.2)Fﬀ-4 =K::.0#21]=?#_84  8E
\
AN=.21E2=K)+ﬀ
JI^Q pM	O!VTYO
RVH R
TYO zcILMPr ndX[TYU^ULH
O
Q	TYO5ﬁH
I^R
TYO M	H
]`_ 2I^H
]`WXTVULU^H
O
Q-TVO MPX ~ﬃTY]`WfR
TYU
ubTYI^]YTYRTYUC. ﬀlz!Z\O 	3w
_ApM	OQ-Z\Q-WPTYZon2R
TVI s7R
TYO
U^Z\X HKNMPnLZ\-ObR
H
IL]`_Q-TVr`pH
_I^nk#Ou-"ﬁHI 
R
TYO RFMYH Z\OULQ-TVUdM	XnV; mK\M	]`_
R
I^H
]`WUL-OR
TYO pH
w+TYI2RTYI2~ﬃTY]`WlpM	]`_T[y	TYI^nLTYZKn'M	Hr}Q-TVW7KTYwn2
y%Q	K 	'w
w 


>
 	3X u-89  ub7R
TYKK*ﬁH
ILRTYO M	OR
TYOTYO5ndU^
ILTV]`_
TYO
RTYO7ndTVK\K\TVO 2I^H
]`WXTP
w-_ILH
O
Q	TYOM	OQ-TYw
ILM	]`_5nk aTVXTVULULTVO ﬁH
ILRTYO gTYZsm>M	_
IVTYH
QPy	MPILZNMPOnLTYO@lX[ZnH
O
Rh	_
O
T
z pH_
K\KHr n  s-w+TYZFRZ\TﬁmFTYKQ-TYOSX[Zn-%]`_TYZ\w+TYO[
K\M	O[M	w
Q-TVR
TY]`W5n-M	I^TYOŁ	3w
wŁ 



YTVZ\Q	nR
ZT
>TYI^nLTYZK\H
O
Q RTYU2ILH
]`Ww+TYZ sTVI^ndTVU
 
y--O %TVILZ\TVOr M	_
I YTVH
QbHO
R ub%RTYK\KXZoncz pH
_
KK\Hr n'Z\O
	'w
_ApMPO
Q-Z\Q	W	TYZonﬁR
TYIs7R
TVO
ULZX H
KNM ndZ\	OŁ=	3He pM	K\KZ\QZU^n2
RFM	U gTYR
TVI'M	X m+MP_
IVTYH
QSO
7]`_vMPX
ub%RTYK\KﬁR
ZT2ILH
]`W5y-TVI^nLTYZ\KH
O
QMPX ~3TY]`WjU10%X[X[TVndI^Z\U^]`_ Z\U nkE  eTVOwFM	I Q	TYOpH
Q	TYO)w+TYI^TYZondU
W7KTYZO
T x3OU 07XX[TVnLILZTYOZ\X x3O5nLTYILw+7R
TYOw+TYILTVZ\]`_ { 	 ' 	3w
Q5M	ULM	O
KNMPQ-T 7R
TVI XZO
Z\XM	KT<
ﬁZ\O
R
W M	O
M	K\w+TYR
ZO
Q	nLTD%]`_I pM	Q5MPO
U^nLI p-X HO
Q-TYOE
RFM< U^Z\]`_ R
ZT  3M	]`_
KNMPHr}U^nLILH
W5ndHIH
O
R RFMPXZon
R
TYIs~3TY]`WR
I^H
]`W@H
OU 07XX[TVnLILZUL]`_ M	HULw
ZK\R
Tn  7- 2HIL]`_@R
ZT'ﬃM	R
RILTY_H
OQ U^nLTYZ\QPnRFM	U  3Z 
y-TkMPH Z\X ~ﬃTY]`WR
I^H
]`WZO
ULQ-TVUdM	XnMPO@ﬃM	UULZ]`_Z\OTYZO
TYX OZ\TYRILZ\Q	TYILTVO
ﬂ$
  TYI nw+TYX[TYI^WwFM	I
X M	]`_5nY>  eTVO7w
M	IﬁwT ﬁZ\ILW5nﬁR
ZTcﬃM	R
R
I^TY_H
O
Q[TYZO
T 	'I nﬃJZO
UL pH
K\TVO y	-O 7ndI p-X H
OQ-ULXMPndTt
ILZNMPK+ZO R
TVO@OFM	_TYO  3M	]`_
KNMPHrR
TVUm>M	_
IVTYH
Q	U24s7R
H
I^]`_ R
TYIg|	n3sM	U^ULTYI^R
ILH]`W M	O
Q-TV_
-w+TYO
ﬁZ\ILRH
O
R ULZ]`_ R
TVI; ZR
TYI^U^n`MPO
Ry	TYI^ILZ\OQ-TYI nkl2Z\TVULTYIJ eTYW5n&ﬁHILR
T M	H
]`_ ZO  7 7gw+TY	w%
M	]`_5ndTVnY
 




>
>l-ULZondZ\	ORTYIﬃ2ILH
]`WX[T2-U ndTVK\K\TVOM	X1~3TV]`W
#X 	'H%r}wFM	H!VH
U^ndM	O
R -_
O
T*z pH
_
KK\Hr n U^ndM	O
R
TVO WPTYZ\OTubTYU^ULH
O
Q	TYO RTYI >EM	I^ZNM	O5ndTVO ,-OH
I
ﬀlMPHr}wFM	O
R,2%RTYI ,-OH
I ﬃM	R
R
I^TY_H
O
Q<,DYH
I >TYI rtpH
Q-H
O
Q	2TVO
O
7]`_ X MP]`_n 	'wwŁ 

 b{ ﬁZ\Tt
R
TYIX[Znc
K\M	OM	w
Q-TVR
TY]`W5nLTYOhmFTVK\Q-TVO>'R
TYH%ndK\Z]`_@ŁRFMbR
TVIc-w+TYOwTVUL]`_
I^Z\TYw+TYOT J eTYW5nRTYI
 
	  
 
	
	 "
	

 



m	
  7
~3TY]`WR
I^H
]`W M	O
_
TVw
H
O
Q -_
O
T z pH
_
KK\Hr nO
7]`_jTgeTYW5ndZoy-TYISZU^n  sM	USULZ\]`_TVwTVOr M	KK\U ZX
ﬂ$

 TVI^n;ﬁZ\TYRTYILU^
Z\TVQ-TYKonkA#Ou-wTndIkpM	Q	nR
Z\T[2ZeTYI^TYO!

"$
ﬁZ\U^]`_
TYO ,-3M	R M	O!,bH
O
R
,53MPRfMPH
U,*X[ZnSz pH
_
KK\Hr n q /H
O
W5ndTE	_
O
T z pH
_
KK\Hr n R
M	Q-TYQ	TYO ﬃ+*/H
O
W5ndTPE#Ofu 	89
U^ndTVZ\Q	nR
Z\TVULT 2ZeTYILTVO!y	-O ) /H
O
W5nLTYOjXZonz pH_
K\KHr nM	Hr9 /H
OWnLT@-_
OT z pH
_
K\KHr nk
 2eTYOwFMPI pM	OR
TYI n2ULZ]`_vR
HIL]`_ R
ZTz pH_
K\KHr nﬁR
Z\T$	3O
U^nLI p-X[ILZ]`_nLH
O
QR
TYI3pMPR
TYI g7R
H
IL]`_
R
Z\TM	TYI^%R07OFMPXZUL]`_
T; Z\ILWH
OQ R
TVI2ﬃM	R
R
I^TY_H
O
Q w+TYTVZ\OFH	nFﬁZILR :;	 cM	UFﬀAM	H%r}wFM	O
R
_FMPnﬃW	TVZ\O
TVObU^ pH
ILw
M	ILTVO J/Z\O
H![M	Hr RZ\TYU^T  Z\ILW4VH
UdM	X[X[TYO
_ pMPO
Q-T	
-0.3 -0.2 -0.1 0 0.1 0.2 0.3
y/B
0.1
0.2
0.3
0.4
0.5
z/
H
-0.08 -0.07 -0.06 -0.05 -0.04 -0.03 -0.02 -0.01
M1:1, mit Kuehlluft
LB aus, Rad auscp
-0.3 -0.2 -0.1 0 0.1 0.2 0.3
y/B
0.1
0.2
0.3
0.4
0.5
z/
H
-0.08 -0.07 -0.06 -0.05 -0.04 -0.03 -0.02 -0.01
M1:1, mit Kuehlluft
LB aus, Rad ancp
-0.3 -0.2 -0.1 0 0.1 0.2 0.3
y/B
0.1
0.2
0.3
0.4
0.5
z/
H
-0.08 -0.07 -0.06 -0.05 -0.04 -0.03 -0.02 -0.01
M1:4, mit Kuehlluft
LB aus, Rad ancp
-0.3 -0.2 -0.1 0 0.1 0.2 0.3
y/B
0.1
0.2
0.3
0.4
0.5
z/
H
-0.08 -0.07 -0.06 -0.05 -0.04 -0.03 -0.02 -0.01
M1:4, mit Kuehlluft
LB aus, Rad auscp
-0.3 -0.2 -0.1 0 0.1 0.2 0.3
y/B
0.1
0.2
0.3
0.4
0.5
z/
H
-0.08 -0.07 -0.06 -0.05 -0.04 -0.03 -0.02 -0.01
M1:1, mit Kuehlluft
LB an, Rad auscp
-0.3 -0.2 -0.1 0 0.1 0.2 0.3
y/B
0.1
0.2
0.3
0.4
0.5
z/
H
-0.08 -0.07 -0.06 -0.05 -0.04 -0.03 -0.02 -0.01
M1:1, mit Kuehlluft
LB an, Rad ancp
-0.3 -0.2 -0.1 0 0.1 0.2 0.3
y/B
0.1
0.2
0.3
0.4
0.5
z/
H
-0.08 -0.07 -0.06 -0.05 -0.04 -0.03 -0.02 -0.01
M1:4, mit Kuehlluft
LB an, Rad auscp
-0.3 -0.2 -0.1 0 0.1 0.2 0.3
y/B
0.1
0.2
0.3
0.4
0.5
z/
H
-0.08 -0.07 -0.06 -0.05 -0.04 -0.03 -0.02 -0.01
M1:4, mit Kuehlluft
LB an, Rad ancp
 





g2ILH
]`Ww+TYZ7gTYI ndT

M	X ~3TV]`WfZO 	3w
_ŁR
TYI s7R
TYOULZ\XH
KNMPnLZ\-OE >TYI^Q-K\TVZ\]`_
u -oV u 	89!XZonﬁz pH
_
K\KHr n
@9  i 
	 
 
	
	 "
	
 
  



F	

-0.3 -0.2 -0.1 0 0.1 0.2 0.3
y/B
0.1
0.2
0.3
0.4
0.5
z/
H
-0.08 -0.07 -0.06 -0.05 -0.04 -0.03 -0.02 -0.01
M1:1, ohne Kuehlluft
LB aus, Rad auscp
-0.3 -0.2 -0.1 0 0.1 0.2 0.3
y/B
0.1
0.2
0.3
0.4
0.5
z/
H
-0.08 -0.07 -0.06 -0.05 -0.04 -0.03 -0.02 -0.01
M1:1, ohne Kuehlluft
LB an, Rad ancp
-0.3 -0.2 -0.1 0 0.1 0.2 0.3
y/B
0.1
0.2
0.3
0.4
0.5
z/
H
-0.08 -0.07 -0.06 -0.05 -0.04 -0.03 -0.02 -0.01
M1:4, ohne Kuehlluft
LB aus, Rad auscp
-0.3 -0.2 -0.1 0 0.1 0.2 0.3
y/B
0.1
0.2
0.3
0.4
0.5
z/
H
-0.08 -0.07 -0.06 -0.05 -0.04 -0.03 -0.02 -0.01
M1:4, ohne Kuehlluft
LB an, Rad ancp
 



 Ag2ILH
]`Ww+TYZ7gTYI ndT

M	X ~3TV]`WfZO 	3w
_ŁR
TYI s7R
TYOULZ\XH
KNMPnLZ\-OE >TYI^Q-K\TVZ\]`_
u -oV u 	89!-_
O
Tz pH
_
K\KHr n
GH
R
TYXgTYZULTYOR
Z\T32ILH]`W7X[TYU^ULH
OQ-TYO VH
X!|TVZ\KFR
TVHndKZ\]`_
T	'wgTYZ]`_7HO
Q-TYO RTYI-	'w
U^-K\Hn 
sTVI^ndT  ﬁZ\UL]`_TYOwTVZ\R
TVOuvM<-U nqpM	w+TYOjM	H%r9 ~3ZTYI rtpH
I W		XX[TYOX[TY_
I^TYI^T J/Z\OFH	r M	W5nd-I^TYO
Z\O gTVndILM	]`_5nk>GHX TYZ\OTYO@Wp-O
OTYO R
Z\T 'MP]`_
KNM	H%r}U^ndI^H
W5ndH
I^TYO I^T07O
-KR
UdM	w_ApM	O
Q-ZQU^TYZ\OE gP
R
H
IL]`_ MPH
]`_@R
TVI~3TV]`W7RILH
]`WH
O
X[ZnLnLTYKwFM	IwTVTYZOFH!	n-ﬁZ\I^RŁ=sTYR
ZO
Q	ngR
H
I^]`_ R
TYO ﬃM	RFMPO%
ndILZTYwZ\X u -:9P9ub%RTYK\K gTYZ]`_nR
Z\TﬃQ-TY	XTndILZUL]`_
T'2TVndM	Z\KK\Z\TVILH
OQcZ\XﬂsTVILTYZ]`_@R
TVI~3ZO5ndTYI9
M	]`_
ULTR
TYH%ndK\Z]`_by	-X1ILTYM	K\TVO m>M	_
I YTYHQ M	wcMPR
H
IL]`_bW
p
-O
O5ndTR
Z\Tx3O5ndTVILw+%RTYO
U ndI
p
	X H
O
Q
H
O
R)R
M	XZon R
ZT 	'H
U^w
Z\KR
H
O
QR
TYU  'MP]`_
KNM	H%r}Q-TYw
ZTVnLTYUSQ-TYU n
p
-I n sTVILR
TVOŁEJw+TYOUL X
p
H
U^ULTYO
R
Z\T
 Z\O
R
W M	O
M	K\TVZ\O pHULULTvXZonw+TYIPpH
]`WULZ]`_nLZ\Q	nsTVILR
TVOŁﬁcM R
ZT acIdM	RZ\TYO5nLTYO R
TVU U^ndMPndZ 
UL]`_
TVO 2ILH]`W	TYUZ\O w+TYZR
TYO zM	OApM	KTYO H
O5ndTVILU^]`_
Z\TVR
K\Z]`_ U^Z\O
R@sX M	]`_5n U^Z\]`_ R
Z\TVU M	H
]`_ Z\O
H
O5ndTYI^UL]`_
ZTYR
KZ\]`_
TVO  ﬃZy-TYM	H
UﬃR
TYUﬃ~ﬃTY]`WR
ILH]`W	TYUcw+TYX[TYI^WwFM	IY
    TV.2:84 4 =?#2;8i::.0#21 .0#2@_Z .2: 0,/'*)+ﬀ
2TYI >TVILQ-KTYZ\]`_@y	-OzcIdMPr n H
O
R 2I^H
]`WXTVULULHO
Q-TYObZ\Ou 	89 H
ORvu-c_
MPnﬁQ-T2VTYZQ	n %RFM<
R
Z\TsTVULTYO5nLK\Z\]`_TYO J/Z\O pH
ULU^T2R
TYIs3MPR
R
ILTV_H
O
Q H
O
R R
TYU ﬀAM	H%r}wFM	O
R
TVUsZX<u%R
TVK\KX M<	U^n`MPw
YH
X[Z\O
RTYU^n

HFM	KZndMPndZoy I^Z\]`_5ndZQ ﬁZTYR
TVILQ-TVQ-TYw+TYO sTVILR
TVO W		O
O5ndTYOE#O)M	K\KTYOubTVULU^H
O
Q-TVO
wT ﬁZ\ILW5nLT2R
Z\T23M	RR
ILTV_7HO
Q TYZO
TcﬁTYR
H!VZ\TVILH
O
Q RTYU  Z\RTYILU n`M	OR
TYU
RFM	U ﬀAM	H%r}wFM	O
R@U^TYO
W-
ndT R
TVO 	3Hr ndI^Z\TVw*M	wŁŁJ/UDﬁH
I^R
T YH
RTYX;RTYHnLK\Z\]`_ERFM< RZ\TYU^TSJ/Z\O
p
HULULTSWP-O6FQ-HIdMPnLZ\-O
U9
M	w
_
p
M	OQ-Z\Q U^Z\O
R
2TYI ﬀAM	Hr}wFM	OR%H
O
R ﬃM	R
TVZ\O
H! W M	O
O M	KUL O
Z]`_5n-_
O
TsTVZndTVILTVUR
H
IL]`_
TYZ\OT 	'I^n8,-J 9%+TYI ndTYO%r M	W5nd-I ,w+TYU^]`_
ILZTYw+TYO[H
O
RSR
TYO ubT<sTVI^nLTYO w+TYZW	-O5y-TVO5ndZ\	O
TYKK\TYI8gP
R
TYO
U^Z\X HKNMPnLZ\-O _
ZO!YH
M	R
R
ZTYI^n gTYI^R
TYO
 
	  
 
	
	 "
	

 



m	
  ;
2Z\Tzc-I^ILTVKNMPnLZ\-O
ULM	OFM	K 07ULTsRTYIubTVULU^H
O
Q-TVO Z\O u -:9cH
O
Ru -oX MP]`_nLTYO W^TYR%]`_[M	H
]`_SR
ZT
%]`_ﬁZ\TYI^Z\Q-WPTYZondTYO[Z\O RTYI
p
x3w+TYI ndILM	Q-wFM	I^W	TVZn8ﬁZUL]`_
TVO R
TVOuvM<-U nqpM	w+TYO[R
TYH%ndK\Z]`_Ł-2ZT 	'HU 
UdM	Q-TVULZ]`_
TYI^_
TYZonZO R
TYI$gTYH
I ndTYZK\H
OQ@y--O >EM	ILZ\M	O5ndTVO ﬁZ\ILR OZ\]`_5nTYIL_p-_5n EgTYO
O M	H
]`_Z\X
ub%RTYK\KX M-U^ndM	wvX[Zn3R
ILTV_
TYOR
TYO pMPR
TYI^O H
O
R ﬀAM	Hr}wFMPO
R Q-TYX[TYU^ULTVO ﬁZILR@+R
TVI2TYI^_Ap-_5ndT
	'Hr sM	O
RrtpH
IAR
Z\TVULTgubTYU^ULH
OQ-TYO ZOu -:93U^]`_
TYZOnM	KULﬁO
Z\]`_5nlQ-TVILTY]`_5n^r}TYI^nLZ\Q	n VHU^TYZ\OqJUlZ\U n
W^TYR
7]`_#YH w+TYRTYO
WPTYO@-R
M<2R
ZT->TVILULH]`_
ULw+TYR
ZO
Q-H
OQ-TYOSw+TYZ7R
TYI ,-TYI1sTVZndTVI^nLTYO s7R
TYOULZ\XH%
KNMPnLZ\-O!,O
Z\]`_5nﬁZO wTVZ\R
TVOvubM<-U^n pM	w+TYO Z\R
TVO5ndZ\U^]`_ M	I^TYOŁ!>	ITYZO
TYITVO
R
Q pHKndZQ-TYO 	3H
ULULM	Q-T
pH
wTVIcR
Z\T  3	n3gTYOR
Z\Q-WPTYZoncR
Z\TVULTVIc|TV]`_
O
Z\WbZ\X8ub7R
TYKK\XM<-U n`M	wbUL-KKndTRFM	UD>TVILU^H
]`_
ULILP
Q-IdM	X[XCO
7]`_
X MPK\UlZ\X 	'Hr}w
M	H XZon ,5ubZ\O
ZKNM	H%r}wApM	O
R
TVILO!, ﬁZ\TVR
TYI^_
-Kon gTYILRTYOŁ52HIL]`_ TYZO
T
x3X[U^ndTVK\KH
O
Q R
TVUﬁm zm9ub%RTYK\KW M	OFM	KUgMPHrlR
Z\TVULTD>TYI^ULH
]`_U^ndTV]`_
O
ZW Z\X'-M	_
ILTc	-DﬁZILR
R
Z\TVUﬃILZ\OYZ\Z\TYKKTVILXvp-Q-KZ\]`_5nk
sTYZER
TYO _
Z\TVIQ-TYTVZ\Q	nLTYOjubTVULU^H
O
Q-TVO ﬁHILR
T@ZO w+TYZR
TYOuvM<-U nqpM	w+TYOhZXX[TYIcX[ZnTVZ\O
Q-Tt
UL]`_FM	KondTndTYIaI^TYO!VUL]`_
Z]`_5nLy-	IdM	w
ULM	H
Q-HO
QSQ-TYX[TYU^ULTYOE%RFMR
Z\TVUgR
M	Ugy	-O R
TVO Z\OR
W M	OFM	KwTt
ndILTVZ\w+TYI^ObTVXr}	_
K\TVO
T$,47n`MPO
RFM	I^R
XT-
I^-Q-IdMPXX,-RFM	I^U^nLTYK\Konk4 Z\TZ\X r}-K\Q-TVO
R
TVOvzM	
ZondTVK
O
%]`_Q-T2VTYZQ	n gTYI^R
TYO ﬁZ\ILRE7W M	OO R
ZT >	IdM	w
ULM	H
Q-HO
QZO 	3w
_ApM	O
Q	Z\Q-WPTYZnER
TVI 	3w
UdMPH
Q-IdM ndT
W^TYR
7]`_ R
TYHnLK\Z]`_
TD	'HU ﬁZ\I^WH
O
Q-TVOvM	H%rR
M	U7ndIkp-X H
OQ-U^r}TVK\R H
O
R R
M	XZonM	H%rRZ\T2Q-TVXTVULU^T
O
TYOBsTYZ sTVI^ndT_FMPwTVOŁ>cM R
Z\TVULT$	'w
ULM	H
Q-ILMPndTVObZO R
TYIﬃﬁTYQ-TVKŁy--O
 Z\O
R
W M	O
M	K@YH  Z\OR%
WPMPOFM	KŁH
O5nLTYILU^]`_
Z\TVR
K\Z]`_bU^Z\O
REX H!SRFMPXZonQ-TVILTY]`_O
TVn gTYILRTYO@>RFM< RZ\TacILTVO!YU^]`_
Z\]`_5nLy	-I 
M	w
UdMPH
Q-H
O
Q	TYOSZ\OSu-89H
OR[u -oH
O5ndTYI^UL]`_
ZTYR
KZ\]`_#ﬁZ\I^W	TVOŁ5cM3r`pH
IR
Z\T 	3H
R
Z  ubTVULULHO
Q-TYO
K\TYZR
TYIﬃW	TVZ\O
T ubT2	TYILQ	TYw
O
ZULU^T#YH
I>TYI^r`pHQ-H
O
Q@U n`M	OR
TYO@W	-OOnLT R
ZTYULTVI2J eTYW5nc_
ZTYIﬃO
Z\]`_5n
TVyPM	K\HZ\TYI n sTVILR
TVOŁ
#X;ﬃM	_
X[TYObR
Z\TVULTYIF	'ILw+TYZon'WP-O
O5ndT OH
I3R
Z\T
p
x3w+TYI ndIdMPQ-wFM	I^W	TYZon'y	-OB Z\OR
W M	OFM	KXTVULULHO%
Q-TYOSZ\X ub7R
TYKK\XM<-U n`M	w MPHr  Z\O
R
W M	O
M	K\X[TYU^ULH
O
Q	TYOSZ\O[u 	H
O5nLTYILU^H
]`_5n gTYI^R
TYOŁ  ﬃZ\]`_5n
y-TYI^Q-TYU^ULTVO gTYILRTYOjRFM	I r RFM R
Z\T %Z\X HKNMPnLZ\-O*R
TVI7ndILM<-TYO%r M	_
I^nZ\OhTVZ\O
TVX  ZO
R
W M	OFMPK
XZon R
TVI w+TYU^]`_
ILZTYw+TYO
TVO |lTY]`_O
Z\W {acILTVO!YU^]`_
Z\]`_5nLy	-IdMPw
UdM	HQ-H
O
Q!U^]`_
XM	K\TVX ﬀAM	H%r}wFM	O
R
H
O
RB,5ubZ\O
ZKNM	H%r}wApM	O
R
TVILO!,5sULTYKw
U^n3OH
IﬃTYZ\OT&	3O
OApM	_
TVILH
OQ M	OR
Z\Tcn`M ndU pMP]`_
K\Z]`_
T"7ZndH
MPndZ-O
RFM	ILU ndTVK\Kn2RFM RZ\Tc
_07ULZWPMPK\Z\U^]`_
TYOﬃM	O
R
w+TYRZ\O
Q-HO
Q-TYO r M	KUL]`_ M	wQ-TYw
ZK\R
Tn gTYILRTYOŁ+cM	_
TVI
U^ndTVK\KonSULZ\]`_TYw+TYOULR
Z\TmFIdM	Q	T OFM	]`_R
TYI
p
x3w+TYI ndILM	Q-wFM	I^W	TVZnu -oV  Z\O
R
W M	O
M	KgC7nLIdM<-TP
x3X R
Z\Tﬃy--I^Q-TYU ndTYKKnLTYO ubTVULU^H
O
Q-TVO y	TYI^Z76 VZ\TYI^TYO VH Wp	O
O
TYOEUL	K\KnLTYOR
Z\TVULT2ZO TYZO
TYXﬂ>TYI9
ULH
]`_
ULM	Hr}wFMPH XZon@w
I^TYZondTYX ﬀlMPHr}wFM	O
R OFMP]`_ 	3w
wŁ
- >
  ﬁZTYR
TVIL_
	Kn gTYILRTYO@ g	rtpH
I
wTVZ\ULZ\TYKU gTYZULTR
TYIﬃ      Z\OR
W M	OFM	KZ\OmFIdM	Q-TcWP-X[Xnk
 =  

      "   
	

 

       
 ,
C	 

>  > -
2  
ﬁﬀﬃﬂ
ﬃ !"ﬀ
#$ﬂ%&('*)+89ﬁ,-'/.0
112ﬀ"ﬂ
ﬃ
&11"34,
5
"6!
78 
	7:9.31#$ﬂ
ﬀ";ﬂ
.3ﬂ
	3.7(<&ﬀ#$ﬂ

9
=	> 
ﬀ?&7(7@ 
A7B;
7DC
5
 E<,
'/F3.RW"G%@ H'I)3+)627J'/#
ﬀKML2NPOQ" 
5
ﬂ
E
/E*ﬂ
1 2RSﬀTﬂ.3ﬂ

RS$ﬁ11
 
ﬀ3UV
KW"
.0#$ﬂWﬂ
.3ﬂ
ﬃNX.3ﬀ" Y Z
M[	ﬀ?&11
 @
ﬀﬀ\'/.0
11ﬀ
]
1#$ﬂE^&*ﬀ"Wﬁ7(^`W"
.Q#$ﬂ_ #$ﬂ%`.37(ﬁ&ﬀ#$ﬂ_#$ﬂ_ :3
9
=	>?&&ﬁ3"G^

(37Bﬀ"ﬀ  a".QQbQ 
7(ﬀ#$ﬂ
 _cde;"/f.37 'g.Q
11h
5


]
".3F%
ﬀ
5
9
ﬂ
"
 

3eA9ﬂ1ﬀ?&jik7lOQ 
 Y 
ﬀ@>emG%&f 6nGﬁ.3ﬀ" 
.o&7(" qpn %ke#$G!1
 
3ﬀ
1rﬁ
5
ﬀ
ﬀ"YﬀYeU9
 
ﬀ"#$ﬂ
 ﬀ"e;"6	 ts 

Gu 17(.0
11 !
Y _7  0> 
Y 
.ke; 

3 
RS$ﬁ11
 
ﬀ3vE
5
"3 wRXE*ﬀ"AﬀT 
.ke; 


627J'/.0
11x".QQbQ 
7(ﬀ#$ﬂ
ﬀ ﬀfycd#$ﬂ
vf3. 
]

& 6M a 
 ze; 
3`
<$11?Y3>^&We;"
 
Gﬁﬁ 
 6{E*
 %&ﬀ#$ﬂ |=	7}
 *~	
5
ed 
y>ﬂ"ﬀ#$ﬂ!AE*ﬂ1 6mG.3 
 %".Q#$ﬂ
 0ﬃ /21w
ﬃ'/ﬀ"ﬀ
 3 v />
 :'F3ﬀ? 9> :
#$ﬂ

5 9
ﬂ
?ﬃe;"
 Vpn /
"G3,
&(x1#$ﬂ_
(sG!
 q Z"r % _'*)3+q
 
a'*)3+^):ed`1ﬀ".H.
5
Z 
#$ﬂ%
7:9.31#$ﬂm~	1ﬀWc;e;"
 
3ﬀ"G!"
7 E
Wcd
"1
 
qﬀW3 
.ﬁked 

 
RS&11<,

 
ﬀ3
ﬀﬃ
1gﬂ
Sﬂw9
Z !
6V

]
9.3F3T
Scde;"ﬀ9 
"
 
3 I3 Ł9
>

7~	
ﬀ%ﬁ 
3ﬀE
ﬀ"& 
:%RS1$ﬁ!|
5
3
 ( 
'F3 ﬁﬂ
7( B'*)3+AE(>&#$ﬂ%& 
m
 w9#$ﬂ
ﬀ?ﬀ 
:
ﬀ@px"3 
ﬀ"ﬀ@ u39
"1#$ﬂﬀﬂ
5
ﬂ
"Eﬁ,\
E<e7B.Q
11ﬀo>E^ﬀ#$ﬂmVpnﬀ
Vﬀ"&ﬂ%".Q#$ﬂ:T[	.V !
 

6ﬁFZﬀ#$ﬂ
ﬀ"AE
7|1{f3&1137( 
 `.0
hE
7B 0,

ﬀ?S
5


]
.37B&"G01ﬀﬀ"X
%|1F3ﬂ
#$G%,kL{7B.3
ﬀ 
 @?ed& g1rﬀ"ﬀ 
\?  zw0xk
XSDXw t¡£¢nXw 
¤{¥¦¥¦ §{¨©ﬁª «w¬!©W§{¬0­®¬0¯
~ﬃ

¤¥±°m¤
Eﬁ²
 ³pn ´F
@13 
ﬀ"&1
 

5

 qµ<¶@,·sy"A H'*)3+:
 

'*)3+^)32=	 %&ﬀ#$ﬂ!²e

 H
( *~	

¤¥^°V¸
ﬁ3ﬀ"&11^& *13 %fﬁ %& 6Q"e;1ﬀ
7(^Z
 a.ﬂ
 
vNW9
ﬂ
11
5
6;E
ﬀ9u&E1#$ﬂ_ 
.0#$ﬂ_ _'*)3+q
g %&:%13g7(^WL{.0#$ﬂQ,
ﬀ#$ﬂ
>W
3
#$G%
Ł[h"V;ﬂ
 

1Aﬀ²ﬀ"#$ﬂH7J 
Bf3 
5
#$ﬂ%&Y13 
5
.3"7}7(^
> 
7813 
3 
6<"
.Q#$ﬂ(7(^nEb01 

"ﬀ"#$ﬂ
 (cd.3ﬂ
"
 
3 Z
7¹ 	RS#$ﬂ
ﬀ?&9.7@
 


W13 tE_79.331#$ﬂ
 m;RS[h"ﬀ"&11
 
H 
ﬀYﬀ.31#$ﬂ
 a'g.Q
11±,-Ch
ﬀBﬀ?Yﬀ"ﬂ

fQ1je; 3Aﬁ
5
ed 


ik7º1 
Gﬁ »RSrﬁ3&7B7f3.3 I~ﬃ
¤¥±°m¤
ﬀ"S
BOQ^&u&. :V
G.3 %f3 %&. 
11ﬃ,\7¼#$ﬂ% IVŁ?ed&"cd.0
 ﬀ7²
1rﬁ.3 /"3ﬀ?&11mRS²f3?,
ﬀ#$ﬂ

 
 q½hf¾
ﬀ
T'/ﬀ"ﬀ
 3 H1ﬀﬀ" Iﬀ#$ﬂI
#$ﬂ*
@ !"ﬀ#$ﬂ

1#$ﬂ
 *s Q,
Gﬁﬁ 1 ´
9

ﬀﬀ"X g'*)3+
 
/'*)+)"G!1
9
" RSdx"1r
5

h'/Fe;"A `'*)3+
5
.31ﬁ
 q> ³
9
11 H
  ³ '*)+)36|
Z|" 

ﬀB
5
3
 q
 
E1  'F ﬂ
7B 
ed
 W1ﬀ". UV
 Y'/F3ﬀ"
9
> B31#$ﬂe
"33V !~ﬃ11"
 3ﬀje; Y>Gﬁ.3 Q,
f3 %.3 
11Łc;.Q
 
ﬀ7@
1ﬁ&.3 A
9
~	 


 
 U U'I)3+¿Xﬀ?À9"GnV<ed"&<1ﬀ2 '*)3+^)36
Vm?ed"\c;.Q
 
ﬀ7@
1ﬁ&.3 (
3 W W'*)3+^)36Qf031ÁQNo&1VÃÂQ'/^M
df3 Q,
5
#$ﬂ%& Z1 
5
.3"7¹7BxL{.0#$ﬂ
ﬀ#$ﬂ>e

h7Ä'/.0
117(F3ﬀ"&@ B>
 (\911 ﬀ
31#$ﬂ
s
ﬀ?$ 
ﬀ 
^f3¾ﬁW"#$ﬂ!60e	7B
 Zf3.11
&11 B13 0pnﬀdﬀ#$ﬂ %
ﬂ
	ﬁ
ﬀ"#$ﬂ 
/Egﬀ 6
C²9h7'g.Q
11 `
ﬀ\s*ﬀ"E
ﬀ?&11 
   

	


 
0.27
0.28
0.29
0.30
0.31
0.32
0.33
cw
M1:4
M1:1
Fe
lg
e
n
m
it
Sc
he
ib
e
pl
a
n
a
bg
e
de
ck
t,
o
hn
e
KL
Fe
lg
e
n
m
it
Sc
he
ib
e
pl
a
n
a
bg
e
de
ck
t,
m
it
KL
Fe
lg
e
n
pr
o
fil
ie
rt
a
bg
e
kl
e
bt
,
o
hn
e
KL
Fe
lg
e
n
pr
o
fil
ie
rt
a
bg
e
kl
e
bt
,
m
it
KL
Au
sg
a
n
gs
zu
st
a
n
d,
o
hn
e
KL
Au
sg
a
n
gs
zu
st
a
n
d,
m
it
KL
Fe
lg
e
n
m
it
Lo
ch
sc
he
ib
e
a
bg
e
de
ck
t,
m
it
KL
Konventionelle Bodensimulation
0.26
0.27
0.28
0.29
0.30
0.31
0.32
cw
M1:4
M1:1
Fe
lg
e
n
m
it
Sc
he
ib
e
pl
a
n
a
bg
e
de
ck
t,
o
hn
e
KL
Fe
lg
e
n
m
it
Sc
he
ib
e
pl
a
n
a
bg
e
de
ck
t,
m
it
KL
Fe
lg
e
n
pr
o
fil
ie
rt
a
bg
e
kl
e
bt
,
o
hn
e
KL
Fe
lg
e
n
pr
o
fil
ie
rt
a
bg
e
kl
e
bt
,
m
it
KL
Au
sg
a
n
gs
zu
st
a
n
d,
o
hn
e
KL
Au
sg
a
n
gs
zu
st
a
n
d,
m
it
KL
Fe
lg
e
n
m
it
Lo
ch
sc
he
ib
e
a
bg
e
de
ck
t,
m
it
KL
Bodensimulation mit Laufband und Raddrehung

¥{¤¥±°V¤
+px ´
FB
	13 
3ﬀ?$1^&
 U
5

 µ¶A,·sy" /'*)+¿B
 
'*)3+^)
¤{¥¦¥ Y¬ﬁﬀﬂ ¬0¯ﬃ2©À¨! j­
~ﬃ 1.3vE³
 '/F3"
5
 ³ '*)+)IÁKd.3 %&  %$1hKd. !OQo>.3"6
]
9.3F+nÂ"$#%##ﬁCT)'&3
e

 »
#$ﬂ:AC²9h v'I)3+¿(7(^h 7 (
)+*ﬁ,.-0/
1*.23,
Ch
5
 
o
.ﬁ12
ﬀﬀ"&ﬁVik 
C	
7
5
ﬁ 
3ﬀ"#$ﬂ%& 
Z>ﬀ"&E<h
ﬀ	C
5
 %kbQo/fQhL9 
3ﬀ"11 6

A :'I)3+¿B3.37(4,
&ﬀ#$ﬂB34G%ﬀGu1?n"3ﬀ?&11jed
 (Gﬁ.3 
 %& 0RS65S
11 G. 
 %& 
5
?&3
 
3ﬀ-,
V
 
ﬁY3 t !
Y w9ﬂ 
3ﬀ"e;ﬀvﬁ3ﬀ"&11^(e;"
 M=	7 
 _pn ´
FHﬀ"ﬀ
Ch
5
 o
.
1ﬀ(7 '/.0
11\fﬁ1" E GV9.3  
 6xe
"
 #$ﬂ  %& 7BBﬀ?,
3
5
9
11787x".1Ł !"ﬀ
#$ﬂ%¾6{f031Ám~ﬃ
¤¥±°:9
|>11;&YEﬁX

VŁ37(ﬀﬀ 
 
cd^ed"&ﬀ¾9 


 3 :E
7P~	
ﬀ%ﬁ 
3ﬀE
ﬀ"& 
:7B\Ch
5
 o
.
1·
L2ﬁ
5
 
 C	ﬁ

ﬂ!
 
 <Uµ¶ <Uµ>=? <Uµ3=@
  ,A"Q6B")" "6B"C"

"6D""E
ﬁ
ﬀ  ,A"Q6B")" "6B"C"$# "6D""E
 
ﬀ "6D"" "6B"C"$# "6D""%Â
ﬁ
ﬀ 
ﬀ "6D"" "6B"C"& "6D""E
|>11F&+pn ´
FU
ﬀﬃC
5
 
o
".1ﬀ\ /'*)3+U `~ﬃ
ﬂ{9 
33G
	c;.Q
 
ﬀ7@
1ﬁ&.3 
GA ﬁ#$ﬂ/~	"h
	cd.0
 ﬀ7²
1rﬁ.3 (eg
	2 
ﬁ 

"ﬀ	>e;?&<¾m'/
"ﬂ
 

 
C²9 f3>ﬀ"ﬀ?jﬀ"#$ﬂT
2µ<¶A, s*?w
{"r %&j3.3ﬂ
 
C
5
 
o
".1M
7Ä)'"67n
 
G%6
7(^Mﬀ"ﬂ
 

 CA9
 W"3QMﬀ#$ﬂ` ﬃx"ﬀ#$ﬂ
1#$ﬂ%&
 
B
78;7n
 
G%&ﬁRS
]
ﬀ?$1±,
&
 
ﬃ
ﬀnC
5
 
o.1ﬀ| '*)+¿	G.37B7²j1ﬀ".ﬃ ² 
#$ﬂ%ŁEAf3" #$ﬂ
1 9ﬀﬀ"3 

ﬀH7|. %&1
E{s*1#$ﬂZRX"ﬀ"11
 
g7 'g.Q
11n
 H'gﬀﬀ"
 
3 q y'*)3+^)Zﬁ7º w9#$ﬂ
ﬀ?& HG.37B7²6
 
 
ﬁ   
 	


 C
Felge mit Scheiben
abgedeckt
Felge profiliert
abgeklebt
Felge offen
(Ausgangszustand)
Felge mit
Lochscheibe (M1:4)

¥¤{¥±°V¸
+=	 %&ﬀ"
#$ﬂ%&13 %fﬁ"r %& ` g'*)3+B
 
'*)3+^)
   

	


  
1k9FUﬀ"#$ﬂv"
.0#$ﬂ .3ﬂ 
ge;^&v'gﬀﬀ"
 
3 _ 
#$ﬂ%B 

&*>¾ %ke;.3" dm
 w9ﬁ#$ﬂ
ﬀ"
ﬀ.311& y
ﬀ"`'/ﬀ"ﬀ
 3 ³7}xﬀ#$ﬂ
ﬀ&
5
³7(^T!'/ 1rﬁ
5
w9 
 / ³'*)3+e4,

"ﬂ
.31e; I f031Á%~ﬃ
m
°w¥¤
4pn> 
ﬀ".@ﬀ.11
\"r %&h.3ﬂ
 SC
5
 
o
".1>
#$ﬂ
 *'*)3+^)( !"ﬀ
#$ﬂ%²e;"
 m2ik  E$#Łe
"
 *ﬀ.31#$ﬂ
B=	 %&ﬀ"
#$ﬂ!
 
3 qV^&ﬀ

"#$ﬂQ,
3
5
9
ﬂ"¾|RX ﬁ#$ﬂyﬀ 
G%²Aµ¶², s*?	
/

C
5
 
o.1x
7
 
7n
 
G%&Y>x
"ﬂ
 

 
C²9 m6>ﬀ?&ﬂ
 
 (C²9 ﬀ?&jŁ
7 )67n
 
G%x m~ﬃ11
 
3ﬀweM" U>ﬀ" 
'/ﬀ"ﬀ
 
 v
A13 g7B 
	OQ#$ﬂ
VTo
1 ﬁ
3#$G%¾>~ﬃ
ﬀh
ﬀﬃ=h %&"ﬀ
#$ﬂ!
 
e

e;h3ﬀ"#$ﬂ
1.ﬀﬀ 6FB
T13 
5
.378 
#$ﬂ%h3 
 %	f.3 /	Ch
5
 3ﬀ?$1±,
&
 
>&#$ﬂ%&<;e;"
 BGu 
 !RSﬀŁﬂ
V Zﬁ
#$ﬂU
h'/ﬀﬀ"
 
3 W7KMLwNﬃ,?'g.Q
11Q7(^

 %&"ﬀ#$ﬂ

1#$ﬂ/3ﬀ?$1^& g13 `
&1#$ﬂ`37(#$ﬂ%¾

¥w¤¥±°:9
+Ch`
ﬀﬃ'*)3+ﬁ,-'/.Q11ﬀM7B
5
3
5
9
1178Ch
5
 o
.
1
\  Mw X2}XSz;|Sx	
~ﬃ
ﬀ"3ﬂ
 
Wf3.3 Z
7 G.7(o
134Q Y=	 %&>.Q
 Y #$ﬂZ~ﬃ

¥w¦
e
"
 W 
3\f3 Q,
5
#$ﬂ
 
d"r %& A !"ﬀ
#$ﬂ%¾6
~ﬃ
5
ﬀ"#$ﬂ
1FZ9
>|
;OQ 
ﬀ^&f0^À9ﬁwf3. 'F ﬂ
7B 
7 =	 %&>.Q !V#$ﬂg3> Wﬀ".311 QRSﬀSpn"3
 ﬀﬀ"Xﬀ 
Y Zj>11

"3ﬀ?&11
sy
 A
Łﬀ.
=	 %>.0
 
ﬀ"#$Gﬁ W=	 
V 
ﬂ
& A7 =h %&"V.0
 0>"#$ﬂ2ﬁ
ﬀ3
5
9
11^¾6
ﬀ.@ﬁF² (e;^&ﬀ?&3ﬂ
 W> 
Mcd.0
 ( %&ﬀ?&ﬂ!6
ﬀ.Tf3 
3"Mﬀ"#$ﬂ(
s
ﬀ"& 


7 Eu,  7n
 G!0RSnx.3"
#$ﬂ
ﬀ
5
&"(
1n ﬂE(G.3 ﬀ"$ﬁ !6!
[	 %&#$ﬂ
ﬀ
5
,
&(ﬀ G!Mﬀ#$ﬂ(
7 )
 
,?ÂQ) 7x 
G%&Sﬁpn 
	~	
ﬂw9 33Gﬁ^f.3 Y
Mcd.0
 
ﬀ7@
1ru&. 
ﬀ".ﬁm 0
 
#$ﬂ%h3> 
 "   
   
 	


 C
[	 %Ł
nCﬀ"f&ﬁ
7@
1
\ﬀ?Ł
Mﬀ.3[h#$G!ﬀ#$ﬂj9Eﬃ 
3
&ﬁ#$ﬂ!x 
ﬀ#$ﬂ
1FŁﬁ7(^
ﬀ[	#$G
ﬀﬂ
"E3ﬀx!RX
#$ﬂ6F
[h#$G!ﬀ#$ﬂj9
ESkedﬀn&
5
n1¾6ﬁ1ﬀn
=	 %&>.Q
 / W
ﬀ7Pcd#$ﬂ6
 !ﬀ"ﬂ%Sﬁ7P[	#$G!
V
ﬀ.\ `G!1 
\[	 %&"ﬀ#$ﬂ
 
sI
ﬀ²[h %&ﬀ"#$ﬂ
 
"@ﬁ7J'/.Q11xﬁ
5
3
5
9116mﬀ".ﬀ"T
s
ﬀ?$ 
*ﬀ.e;.3ﬂ
1
7(^\1ﬀ\
#$ﬂ`.3ﬂ
 T"e;^&?&cd.0
 
ﬀ7@
1ru&. Z3 
5
9
3@
7 )F7n
 G!	 m
pnV 
ﬀ.
ﬀ"&xŁx.3"
#$ﬂ
ﬀ&ﬁ
5
&"U
7 ES
Ee &F7n
 
G%&ﬁ6%
[h %&&#$ﬂ
ﬀ
5
Uﬀ G!x7
)3)(Ee
 
7n
 G!2RSﬀ
9
~ﬃ 
"
 
3 yﬀ#$ﬂ  q1ﬀ.`

"#$ﬂ
ﬀf3 ﬁ#$ﬂ
1 9ﬀ"ﬀ3TE
ﬀ 
px> ﬀ. e
"
y !"ﬀ
#$ﬂ%¾6	eIﬀ#$ﬂ 
I=	 %>.0
 
ﬀ?& 9.37@
 
 V
9
~	 


 
 
ﬀ
[	#$G!
^mﬀ.3?e 
Gﬁ1ﬀW ~	
ﬂ 9 
3Gﬁ(
Ycd.0
 ﬀ7²
1rﬁ.3 qfﬂ 91;ik tﬀ"Bu,
rﬁ !Xe

A7¼'/.0
11{
hﬀ&ﬁ7²&ARSV
ﬀ.>#$ﬂWf3. 
hx.3"
"Gu %&T
	Ch4,
ﬀ?f3&
7²
1
`
ﬀ@E[	#$G0ﬀ"#$ﬂŁ9
"EV ﬁ
5
3
5
9116wﬀ.vFvURSV
ﬀ".3"e 
G1 "
V<&
jpn 
(~	
ﬀ"eG!
 
:
5

 ysﬀ?$ yG. 
 %&Y !

5
9
AB\911U7(^TC	ﬁQ,

ﬂ0 

5
ﬀ"3ﬀ?&11	ed
 2RSXµ<¶A, s*?Xﬀ"W7 EY
E<ewÂ7n
 
G%&ﬁ6{
Sx.3"
-,
#$ﬂ
ﬀ&ﬁ
5
&"» ﬁﬂ
7 7 )
E<e:E 7n
 
G%&BmRSX[h %&&#$ﬂﬀ&
5
vﬀ"W33 
7(G!1#$ﬂv
7 E$#Y
E<e E) 7n
 
G%Z mSﬂ
 
BC	ﬁ

ﬂ!
 
gﬂﬁ
B'F3 ﬁﬂ
7(²G 
 
px ´
FB
5
 `s
ﬀ"& 
6
Mx.3"
#$ﬂ
ﬀ
5
&"gﬀ" 
G%hﬀ#$ﬂ`kedﬀ	ﬀ?À9"G\
7 #
,A& 7n
 G!Sm60h~ﬃ
5

ﬀE
 ﬂ7(	 Z;[	 %&ﬁ#$ﬂ
ﬀ
5
9ﬁ11Ł7(^MÂ0)	
E<eV)
 
7n
 
G3,
& ﬀ#$ﬂ%eA9#$ﬂ
/ﬁ
ﬀ;RS`~ﬃ?Y
Ycd.0
 
ﬀ7@
1ru&. ﬂ
ﬁYﬁ1ﬀ.I 
 tpx ´
Fy
5


[@9.3ﬂ
Z
²cd^ed"&ﬀ¾9 


 3 6j Z2 w9 


 v3Hﬀ#$ﬂ
5
9
A
ﬀ(ﬁrﬁ !
"
.0#$ﬂ/ #$ﬂ%¾
px 
@e;"Ux 
5
#$ﬂ!
 /
ﬀA'/.Q11
5
ﬁ
ﬀS"3QXﬀ#$ﬂ6ed 
 I
~	
%ﬀ 
1rﬁ3
ed331ﬀﬀ" : 
/	NTﬁ %
 
 
1|ﬁ
ﬀ3
5
9

11^Me"
]
7Bﬀﬀ" ge

T g
ﬀ\u,
rﬁ !A7B	N
9

ﬂ
11
5
>'/	Ch

"ﬂ!
 
Zﬀ"
1"	ﬀﬃ / 
	s
"ﬀ"$ﬁ 

ﬀ&ﬁ
 ﬂ
7B
f3.3 Hu, # 7n
 
G%& 6j
Tx.
&#$ﬂ
ﬀ
5
yﬀ" 
G%A
7
 
7n
 G!6| yA[	 %&ﬁ#$ﬂ
ﬀ
ﬀ"&M\
7 )ÀÂ²
Ee
 
7n
 G!Sﬂ
 
Ch
ﬂ!
 (ﬀ"\
ﬀ"T'F3 ﬁﬂ
7(ﬃ w9ﬂ

 
ﬀ?,
edﬀhe
ﬀ?$ 
ﬀ 
&1·60
~ﬃ
5
&Z Z
x.
&#$ﬂ
ﬀ"Sﬀ 
G%d7)'"u,$)Â 7n
 
G%6
 Z
M[h %&&#$ﬂ
ﬀ"ﬃﬀ?&;
7)'EAEe>)'" 7n
 
G%QcdEQ9
31#$ﬂZ
;s
"ﬀ"$ﬁ 

ﬀ>±,
ed"&U%»ﬀ"#$ﬂv vﬀ"S"r %1ﬀ".W v3eﬀﬀ=	 %&ﬀ"#$ﬂ
* v~ﬃ
ﬂw9ﬁ 
3G^

hcd.0
 ﬀ7²
1rﬁ.3 m
px kb0o
ﬀ"#$ﬂ
ﬀX3".Qb0 ﬁ7(ﬀ#$ﬂ
ﬀY~	 0
&127Pf.3
 »=	 %&>.Q
 !V#$ﬂvﬀ"11^

U'g.&.3"&7²f3G!1

 Y	9
	
ﬀﬀX|12ﬀ"&ﬂ
 »ﬀ".Àe;.3ﬂ
1j »'*)+¿`1ﬀS#$ﬂv 
'*)3+^)g'/F3
ﬁ& E
@x
5
9
3
 
jik ³
Ucde;?&
 
»
ﬀ"ﬀ21ﬀ@ﬀ?²e;
U ³'*)+)
 
.Q#$ﬂ* *'*)3+` 
Uﬀ 
Gu %~ﬃ
ﬂw9ﬁ 
3G^Xf3.3 *
Tcd.0
 
ﬀ7@
1ru&. :"G  0

OQ.ed.3ﬂ1edﬀ
 Bs
ﬀ?$ 
ﬀ>e;?Mﬁ1ﬀ
#$ﬂUeMﬁﬀ;
~ﬃ
5

ﬀ>^ed"ﬃ !>1 
6
ﬀ#$ﬂ
 %ﬃ=	 %>.0
 %f3G!1
 
Y7D¾ﬁ1 gﬂ
"E
BeG!ﬀ&ﬁ7(\Egﬀ 
\ 	zw0xk
XS
 ;º¡_n SxStXSº¡_nXx B¢xS;XS
RXﬀT[	 E
5
9
 *f.3 HCh
ﬂ{9
ﬀ *
 
*C²9 y I  *>ﬁﬂ
E
3
 
Gm9.o>Tﬂﬁ
7(ﬀ"| 
d1#$ﬂMpnﬂw9.ﬂ0 
Sf3.3 @s
"ﬀ"& 
@
 ~ﬃ
5
@EŁ.31  )
 
ÁﬁRX #$ﬂ
ﬀ"&	
hs
"ﬀ"$ﬁ 
:
ﬀX'/.0
11ﬀ78edﬀ %1#$ﬂ v g~ﬃﬂw9 
33Gh
ﬀSCh
ﬂﬀ?,
  
  

	


  
)
 	
  	 <Uµ¶ <Uµ>=? <Uµ>=@
) ) ,A"Q6B""CE "6D""" , "6B"3ÂQ)
=	 %&>.Q
 
ﬀ#$G v
ﬀ"3
5 9
11
" " ,A"Q6B""ﬁ "6D"") , "6B"Q)
 
) ) "6D"") "6D""E , "6B"Q)3)
[	 %ﬀ"#$ﬂ
 
^	Chﬀ"f3&7@
1²ﬀ3
5
9
11^
" " "6D"") "6D""E , "6B"C"
 
) ) "6D""E , "6B"C") , "6B"CE$#
" ) "6D""%Â , "6B"C"%Â , "6B"CE)
) " "6D""" , "6B"C"$# , "6B"3ÂQ)
[	#$G!
^mﬀ.3?e 
Gﬁ1"
" " "6D""" , "6B"C"& , "6B"Q)
 
) ) ,A"Q6B""# , "6B"C"
 
"6D")ÀÂ
" ) ,A"Q6B""ﬁ , "6B"C"
 
"6D""
 
) " "6D""" , "6B"Q)'" "6D")'E
.3ﬂ
 
~ﬃ%ﬀ&ﬁ 
1r6N" %&
  
1wE
" " ,A"Q6B""Q) , "6B"Q)ÀÂ "6D")'"
) ) "6D""%Â "6D""

"6D"""
.3ﬂ
 
A'/..3
7²f"G01

 

6>'I)3+¿
" " "6D""%Â "6D""" "6D""%Â
) ) "6D"" "6D")'E , "6B"C"E
.3ﬂ
 
A'/..3
7²f"G01

 

6>'I)3+)
" " "6D""E "6D")¾ , "6B"C"$#
j>11

+>pn ´FY
ﬃ=	 %&>.Q 
3ﬀ"&1
 
W7 '*)+¿ﬁ,-'/.0
11|ﬁ
5

²37(ﬀﬀ 
 
cd^ed"&
RS
#$ﬂ
7Bﬀ"ﬀﬀSﬁ RS\~	
5
&"`ﬀ" 
G%hE
 {9#$ﬂ
ﬀ"ﬃ7(^\E 
ﬂ
7B 
	C	ﬁ
ﬂ
ﬀ?&
5
T
5
 q'/ 
7@
7 
7J 
 q> 
Aed& m
 ﬂ
7B(e
 
E
ﬀ"3 jpnﬀ7@
F
7BY#$ﬂ
 
<ge;"
 m6\F³ 
> 
`.37 
ﬀ`Ch
ﬂ

ﬀﬀg
#$ﬂ
~ﬃ"`
cd.Q 
ﬀ"7@
1ﬁ&.3 Y 
 /
&1#$ﬂ
 pn ´
FB
5
~ﬃ
5
&g
 
`s
ﬀ?$ 
gﬂﬁ
=	7 
ﬀvpn Q´n9
ﬀﬀ"»7 KMLwNS,-'/.0
11	E0
 %&
E 6;e
"
 _ > 
7 ~ﬃﬀ?,
% 
3ﬀ"E
ﬀ?$ W7(^dﬀ"ﬂ
;¾ﬁ1ﬀ?&ﬀ#$ﬂZ
3ﬀ"11^& WC	ﬁ
ﬂw9
ﬀ"" W 3\f3 
5
#$ﬂ%Su,
rﬁ ! I
 %&ﬀ#$ﬂ!nRSUpn"3
 ﬀﬀ"Zﬀ" 
I IjﬁV11
 
 I~ﬃﬂ
9
 
33GT
²cd.0
 Q,
ﬀ7²
1rﬁ.3 Zﬀ"11¾m
 
9
#$ﬂ
ﬀ?	e
T
h[h %&ﬀ#$ﬂ 
"	ﬂ %&h 
9
ﬁ
F3" /C	ﬁQ,
ﬂ
ﬀ"V.3 W
5
3
5
9

1163ﬀ.AFT ﬃ  
9
ﬂ
 
YE<b01 
ﬀ#$ﬂ
	.37ÄMCh
ﬂ
9

ﬀ; %",
ﬀ"$ﬁ 
'/^WCh

"ﬂ!
 
qﬀ 
G 
Zs
"ﬀ"& 
_ !
Y
 %e;ﬀ" %&1#$ﬂa
7 )<,?Â 7n
 
G%
Xﬂ 
yCh
ﬂ!
  eMﬁ/
ﬀ"*~	
ﬀ 
G!
 
t7B #À, & 7x 
G%& 1#$ﬂ\~	
#$ﬂ 

m
 ﬂ
7B²ﬀSx.3"
#$ﬂ
ﬀ&ﬁ
5
&">ﬀ	1|Vjﬀ"ﬂ
 

 yCA9
 :
&1#$ﬂ:ﬀ?À9"G
ﬀ
1ﬀ>x
ﬂ
 
 ³CA9
 2cd7}[h %&&#$ﬂ
ﬀ
5
yGﬁﬂ
?&Zﬀ"#$ﬂ*
ﬀT2 H
7g
'/YC	
ﬂ0 
HeMﬁZ
vm
 ﬁﬂ
7(/
Q&1#$ﬂt3¾9.3F3(1ﬀZ.3ﬂ
 ;RS` %& 7(^

3
#$G%& y13 
 
v.ﬂ
 
NW9
ﬂ
11
5
@ﬂ	 
#$ﬂ%ﬃﬀ"114Vﬀ"9ﬁ&& :
AV4,
ﬀ#$ﬂ
">  »|" 
ﬀ6mAcd93TeMﬁ ("
.0#$ﬂv
 %&"ﬀ#$ﬂ

1#$ﬂVRSﬀﬃ>
&<¾6VF

#$ﬂ³
`Ch
ﬂ

ﬀ
5
.7J 
#$ﬂ%U3<& 
 %f3.3 ³
U.37J
U13 q
 
³
²~ﬃ"U
NW9ﬂ
11
5
&ﬁﬀ"11
 
²
 %&"ﬀ
#$ﬂ%	ed
 :Gu 
 
sy 
 v
f3.
 ICh
ﬂw9ﬁ
ﬀﬃE7º'/.ﬁ&.3"&
7ﬂ v3
#$ﬂ%&	ed
 6ﬀ" 
G%S
s
ﬀ"& 
.3ﬂ
 
gCh

"ﬂ!
 
I
7l6Ł7(^UCh

"ﬂ!
 
I
7 & 7n
 
G%&ﬁxik !"ﬀﬀ Q,
&?edﬀ"Bﬂ
ﬁ>ŁNW9
ﬂ
11
5
ﬃG 
 ypn Q´
F
6>e
@ %&ﬀ"o
#$ﬂ
 
 H"r % 
3Eﬁﬂ> RSX~ﬃ
5

ﬀ>^ed"e;"
 Gﬁﬁ
7D> ´F¾
 Â   
   
 	


 C
 	
  	 <Uµ¶ <Uµ>=? <Uµ>=@
) ) ,A"Q6B""Q) "6D")'" "6D")
 
" ) ,A"Q6B""3Â "6D")ÀÂ "6D")
 
) " ,A"Q6B""C& "6D"%Â# "6D")ÀÂ
[	 %ﬀ"#$ﬂ
 
^	C	ﬁ
ﬂ
ﬀhﬀ3
5
9
11^
" " ,A"Q6B""# "6D"%Â# "6D")3)
) ) ,A"Q6B""C& , "6B"C"%Â "6D""

x.3
ﬀﬃCh
ﬂﬁ
ﬀE
7 'g.&.3ﬂ
 `
#$ﬂ%
" " ,A"Q6B""ﬁ "6D""" "6D"")
) ) ,A"Q6B""
 
"6D"") "6D")

[	 %ﬀﬃCh
ﬂ

ﬀE
7PNTﬁ `ﬂ
 `
#$ﬂ%
" " ,A"Q6B""3Â , "6B"C"E , "6B"C")
) ) ,A"Q6B""
 
, "6B"Q)'& "6D")ÀÂ
" ) ,A"Q6B""
 
, "6B"Q)'& "6D")3)
) " ,A"Q6B""ﬁ , "6B"CE
 
"6D"")
C	ﬂ
ﬀ?&
5
Xx.3
¾9
\f" 
"
" " ,A"Q6B""C& , "6B"CE$# , "6B"C")
) ) ,A"Q6B""CE , "6B"C" "6D""

" ) ,A"Q6B""ﬁ , "6B"C" "6D""

) " "6D""" , "6B"C"

"6D""

C	

5
ﬂw9 3
 
Ux.3¾9
Mf3" 
5
#$ﬂ%
" " ,A"Q6B""Q) , "6B"C"& "6D""&
) ) ,A"Q6B""

, "6B"C"
 
, "6B"Q)'E
" ) ,A"Q6B""

, "6B"C"$# , "6B"Q)ÀÂ
) " "6D""" , "6B"C"$# , "6B"Q)ÀÂ
[	 %¾9
h.ﬂ
 
AO0&E
" " "6D""" "6D""

, "6B"Q)'E
jﬁV11
 
+pn ´

F(hC	ﬁ
ﬂ
ﬀ"3ﬀ?$1^&
 (ﬁ7 '*)3+ﬁ,?'g.Q
11
sy
 ¹
ﬂ %& Ch
ﬂw9ﬀIE7 RSV %&rﬁ13<&>yﬂ
 £
3ﬀ#$ﬂ
1.3ﬀﬀ" 6Tﬀ.
7Z#$ﬂ%|ﬀ#$ﬂ²
ﬀ
9
~ﬃ 
 
ﬃ7B2Ch

"ﬂ!
 
	e2ﬀ"À9ﬁGj>7B"G0
jﬁ1ﬀw.3ﬂ
 
ﬁRS
s
ﬀ"& 

ﬀ"Ve;?ﬀ G!d
7
 
7n
 
G%&ﬁ6

;x.3
&#$ﬂﬀ&
5
W
1QMked@31#$ﬂm6

X[h %&&#$ﬂﬀ&
5
vﬀ"S
7 )

7n
 
G%U  Xﬂ 
UC	ﬁ

ﬂ!
 
W
 
»Lw
5
 

1(
s
"ﬀ"& 

ﬀ
 ﬂ7(:>XÂ 7n
 
G%& 6\
Z~ﬃ
5
 t
Yx.3&ﬁ#$ﬂ
ﬀ
ﬀ G!	ﬀ#$ﬂ/7 E 7x 
G%&6V `
	[h %&&#$ﬂﬀT
7º) 7n
 
G%¾
sqYCh
ﬂ

ﬀ"
5
W q
 ³x.

9
ﬁ
" Hf3" 
3?¾6|ﬀ.vﬀ 
G%U
As
ﬀ"& 

 ³~ﬃ
ﬂ{9 
33GU
ZCh

"ﬂ!
 
I
7
 

E<e 7n
 
G%&ﬁRSW~ﬃ
5
&>Wﬀ 
G t 

Zx.
&#$ﬂ
ﬀ"»ﬀ"&ﬂ
 aﬀ?À9"G`1ﬀ(
ﬂ
 
mM~ﬃ _
W[	 %&#$ﬂ
ﬀ":e 
ﬂ
 

 Sm
 
ﬂ
7Bh7)3),$)Â 7n
 
G%ﬃ37(ﬀﬀ 607(^xﬀ"&ﬂ
 
 `CA9
 Zﬀ"

9
~	 


 

f3" #$ﬂ
1 9ﬀﬀ"3

ik _ (e;^& _"r %/e
"
:
ﬀﬂ
Y
<$13<&"
C	

5
ﬂw9 3
 
qﬁ _
 
x.3
¾9
" t
ﬀYKMLwNﬃ,?'/.0
11ﬀUﬀ?$"GHf3" 
5
#$ﬂ%Y
  f.31
7B {9.3ﬀ»"3ﬀ?&116
ed.0

"#$ﬂY
#$ﬂ(ﬀxVG%f3	Ch
ﬂﬀ"f3.1
7B U1#$ﬂ%nf3" 
3"xe
"
0RSﬀh'/.0
^,
Gﬁu&. @V<e"G!M7B|
ﬂ
 
 (C²9  
d1#$ﬂ%&dx 
3
 
ﬃ
ﬀxµ<¶A, s*?&ﬀn7
Eu,kF7n
 
G%6!7(^nﬀ"ﬂ
 

 YCA9
" Uﬀ Bﬀ"
9
~ﬃ 


 3 Bf3" #$ﬂ
1 9ﬀﬀ"3
63V 
ﬀ.

SsG!
 
(
5

X~	
5
&"
ﬀ>^ed"&ﬁ
RSHCA9
:
ﬀ»'*)3+ﬁ,?'g.Q
11ﬀ>ﬀ^&E  
yf1#$ﬂ
ﬀ"e;ﬀqGﬁ.37(o134Qqpn 
E1&ﬁQ,

5
ﬂw9 3
 


RSﬀd79.331#$ﬂ%&	ﬀ6
 /O0
E `
 g[	 %¾9
 6
\>7POQ" Q,
  
  

	


  
E
5
ﬂ
E
(#¾ E  V<&¾9¾6ﬁ
#$ﬂ:7¼'g.Q
11{ﬁEﬀ"&11 s* 
 /
ﬃO0&EA7¼'/.0
11

5
"\E
ﬁ9
#$G!3 
.7(7B `e"6QeXﬀ\>{
 `e;ﬀ" %&1#$ﬂg 
5
#$ﬂ
hE`ﬂ 

ﬂ
V Q,

 gO0&#$ﬂ
ﬀ" W
M11eA9"60ﬀ.@ﬂ
ﬁM
ﬀ; 0d>mﬂ 

 `C²9ﬁ
" Y 
 `pn Q´
F

5

 Ys
"ﬀ"& 
`
ﬀ\'/.Q11ﬀQRS\µ<¶A, s*?\ﬀ"\  W
7

7n
 G!RSﬃ~	
5
,
&>
1> Wf3.3 g
	~	"h
hcd.0
 
ﬀ7@
1ru&. Y
 !V ´
F~ﬃ g
x.3&ﬁ#$ﬂ
ﬀ
ﬀ"&~ﬃ
5
g
7 #À,
 
7x 
G%&6> g
	[h %&&#$ﬂﬀTﬀ G!
7º)ÀÂÀ,&)'E;7n
 
G%&ﬁ
\  @S 24nXSDXS zS X	

RS~ﬃ
ﬀ?ed"
 
W 
\ﬃ1E¾ﬂ1f3.3 ﬁrﬁ ! gﬂﬁ	3E¾6
eAﬀ" 
ﬀ"&^f`ﬀﬃ'/.0
11

5
'/.0

Gﬁu&. 
 g7 cd#$ﬂv
SCA9
	
 
v13 3"VVeMhe
@ /
 
7(ﬀ" a\911 _ ~ﬃ
ﬂ{9 
33G`
/c;.Q
 
ﬀ7@
1ﬁ&.3 tG 
I=h7(Gﬁﬂ
`
g2 

ﬀ
 n'/F3 ﬂ7(
5
ﬀ?&3ﬀ"&11^¾6À
;cd<&9ﬁ3;
9
~	 


 
 
 %&ﬀ"#$ﬂ

 Uﬀ#$ﬂh".Q#$ﬂ
7(ﬀ"um

7 e


&1#$ﬂ6ﬁF	ﬀ"#$ﬂ²;'F3 
ﬂ
7B A ²13ﬁ6ÀC	m6ÀC	ﬂ
ﬀ2
 

NW9ﬂ
11
5
2ﬂw9ﬃ33 
ﬀﬃ> ´

ﬀﬀ" 6edﬀŁ 
;3 
 %&\=h !"ﬀ
#$ﬂ!
 
 
E1 
'F3 ﬁﬂ
7( Z (
ﬀ"7 cd#$ﬂZe;ﬀ %&1#$ﬂY"ﬀ#$ﬂ%e;"RS=h !"V.0
 !>"#$ﬂWﬀ"7
x1#$ﬂ`E`e; 
3G!^&ﬀ"#$ﬂ
RS3#$ﬂ%&(OQ7²
1rﬁ.3 W	C	
ﬂ0 
Z7 '/.0
117(F3ﬀ"&`3ﬀ?$1^&<	ﬀ"#$ﬂ/

#$ﬂ

h3.F3XOQ 
ﬀ^&^fQ^À9ﬁ33 j9
Vd
 WCh 

>
 
3
 3 Yﬀ"ﬂ
;ﬀ#$ﬂ%e
0s	>"^&ﬀ
 
3ﬀo
".Q#$ﬂ
 6ﬀ"#$ﬂ
 %jﬀjﬂ2ﬀ  !f.311%E²ﬀ" m6uE
7B 

ﬀ"| 
 T|1!
Ł'/ﬀﬀ"
 
3 
78xﬀ"
#$ﬂ
ﬀ&ﬁ
5
:7BM!'/ 1rﬁ
5

9
 
 @E`e
"ﬂ
.31 
   

	   
  
	

	
	
  

:
3
 ﬀﬂﬁﬃ "!#ﬁ$ %&('*)+ﬁ(,- .ﬃ0/1ﬁ324%ﬃ ﬃ5ﬃ76-,- 89':%;=<
>
':. %. ?@ﬀ+ABﬃ CﬁD)E6-,-ﬀﬂ'
>
ﬃE'F%G-%G
s0HIJ
GLK
IK
MN-O(PPRQIS
O(ITNUHWVJOXN HI NYKoHZV[OXM²0\]O(PR^_`RHOX\aOXIO(I ~bQcd\K
QTNUHWV
]
`RO(IEfe
PR^_HZ^_gV"fihi`RK
\PRK
QSiQISQIJjP^_NUK
MOXN}LkK
Qcd\lK
IJm_lK=\aOXIyE(QNJnHO(MpoqJHZO OgV[`srh
NFQISiP\aOte
JHIS
QISiOXIuJOX`v`ROK=MO(I/OwVR`[KF
O(IcxK
_`VvHN s0HIJG=K=IlK
Mq\]O(PPRO(`hE(QyPRHZNFQMZHO(`O(Iqz
R{HOU|uO(PPRQISiO(I9N-HZVYJOXNJKMLwN{e}|uhwJO(MZMﬂK
N ŁNnOge}|uh~JO(MM^evHIJG=K=IlK
ME_K
\aOXIjSiOE(OXHS
V(o
JlKF_HOX`5JHZO
]
`O(I
EXPR^_HZ^_gV"fihi`RK
\PRK
QSiQISHIYPROXHIOX`2s0HZ`GgQISBSiO(SiOXI rQ\]O(`JO(N LkK
Q~cd\lK
IJ
JO(QVRMHZ^_JhiN-HIHZO(`Vq\]O(HdnQPR^_K
MZVRQISJOX`Aﬂhi`RK
\PRK
QSiQIS3O(`_ rhi_V[OPRH^_jJO(`²µ¶:e smO(`V
JO(P|uh~JO(MMZP+JQ`^_PR^_IHZVRVRMHZ^_QN
 
7+QI
GV[O=o0eO(IIDIgQ`JK
PdLkK
Q~cd\lK
IJKGV[HfwHZO(`VnevQ`e
JO
oaPV[HZO(SDJHO(PO(`BHN|uHZVV[OXM5MZO(JHZSiMHZ^_yQN "o Â 7+QIGgVRO
z{R{HZO(PhevQ`RJOFK
MP	[BHZI!eO(HZP{JlK
`RK
Qc
HIV[OX`o`OXV[HZO(`VoJKF_HOX`Nrh
SiMHZ^_O(`?eCOXHPROS½BO(\]O(IOaOGV[OYO(HZIOCvhiMMZObPoHO(MZO(Iqo~JHObIH^_VK
Me
MO(HZIO#K
QcbJO(I 7EK=`[K
N-OXVRO(`U
]
`RO(IE(PR^_H^_V[JHZ^$G
OHE(Q`=rQ^$G!E(QcrQ_`ROXIPRHIJqzxp+P-PV[OXMMZVPH^_
K
MPhŁJHZOl`[K
SiO=o3eCOXM^_Ohs0H`"G0EXQP[K=NUN-O(I_rK
ISiOv_HZO(`KGV[H^fPRHZIJqo3evHOvPH^_JHOv\aOXHJOXIK=I~e
SiO(P"o`Rhw^_O(IO(I/NYh
N(o]hiIOXIgVRO(IW3~B\P[K=QSiQIS-QIJW%LkK
Qcd\lK=IJ
 K
QckJK
PhOwV[`rhiNFQISiPcdOXMJ
QIJ#JlK
N-HZVCJlK
P|uOFihi\0OGgVBK
QP"evH`"G
OXIuQIJyP^_MHZOFiMZH^_ZevHZOSiQVQIgVRO(`JHZO(PO(I/CBK
IJ\aOte
JHIS
QISiOXIuJHZOTO~HN:QMK=VRHhiIUJO(`	OwVR`[KF
O(IcxK
_`VSiO(MZHIS=Vz
=BNJHZO(POAl`RK
SiO(I#\]OK
IVkehi`VRO(IgE(QgGarhiIIOXIqoevQ`RJOEXQNp+IJO*JHOXPROX`\~b`R\]O(HWVvNUHWVJOXN
G
hiN-NUOX`EXHO(MZMOXItKMŁRBe 7+`RhiSi`RK
N-N O~nMKMR ¾BO(HZIOvOwVR`srhiN:QISiPPRHN:QMK=VRHhiI7JQ`^_~e
SiOXcrQ_`Vo0eCOXM^_OYJHZO	s0HZ`GgQISJOX`dﬂhi`RK
\P[K=QSiQISQIJ#JO(PP^_NK=MO(I`LkK
Q~cd\lK
IJOXP(o0evHO
PRHOK
N ŁNnOe|uhwJO(MZMevHZIJ
GLK
IlK
M=O(HZISiO(POXVEXVjevQ`RJOXIqo=QIgVRO(`PRQ^_VzR{O(`wﬂhi`VRO(HZMO(HIO(`kPRhiMe
^_O(IUIwQNUOX`RHP^_O(IZ=BIV[OX`RPQ^_gQISFSiOXSiO(I
r
Q\aOX`ﬂO34QoaOX`RHZNUOXIgVRO(MZMO(I-|yOXV[_h~JOXIHZPVo
JlKFY_HOX`
PsrK
N:VRMHZ^_OOwVR`srhiN:QISiPSi`srh3F
O(IHN dJHP"Gw`OXVRHPRHZO(`V[O(IﬃOwVR`srhiNFQISiPcdOXMJ:EXQ`ﬃﬂOX`ctrQSiQISPVROfe
_O(Iqz>p+\]O(IPhMK=PRPROXI3PH^_uK
IJOX`ROACBK
IJ\aOXJHISiQISiOXIqo
evHOE=z cbzOXHIgG
hiNBoMOfVRVv\]OeO(S
VRO(`
cCh~JO(IyPRO(_`hfwHOXMqO(HZIcxK
^_OX`vJlK
`RPV[OXMMOXIqz
? zn  ¹X-j  dS!  ;y :-
O~nMKMRHPV5OXHIAEHIHZV[OŁﬂh
MQN-O(I 7+`RhiS
`[K
N-N EXQ`ŁOgV[`
r
h
NFQISiPRK
IlK
M^bwPRO
o JlK=Pwf
hiI:JO(`|EH`}e
NKD¡
¨Vª ﬃE¢£s¤£ ﬀ ¨>¯¤
­C¥D¦w¯k¤ª ﬀx§¨U© ﬀÁª ﬀd£¬0« ª
¡
¥¬
HIgLhiIJhiI!%
]
cOXIVkevH^$G
OXMZV	evH`RJnz
R{OXVK=HMPZE(Q0JO(IfiOX`"eO(IJOXV[OXI­IgQNUOX`RHZPR^_OXIaﬂOX`cxK
_`O(IPRHZIJ0HI E*K
QcdS
OXctrQ_`V#QIJ
eCOX`RJOXI_HOX`IgQ`GwQ`E*K
ISiOX`RHZPRPROXIqz
¸{¥¦¥¦ ¥ ﬀp¨X®©À¬g£'ﬀp¨ﬀ ¬!©L¢|¯w®]¨X¯>¬0© ﬂ°¤±2©À¬0¯ ﬀ¯²
 :
¡
¥
i³IgO~nMKMR evH`JDJlK
P\R{HZPGg`ROfV[HZPRHOX`RQISiP"f
O(`cxK=_`ROXIyIK
^_JO(`|yOXV[_h~JObJO(`EHZIHZVRO(IBﬂh=e
MQN-O(I´K
ISiO<eCOXIJOfVz	RKE(QevH`J´JOX`gCOX^_O(I`RK
QN HIzNhiIV[`hiMM^fihiMZQNUHZIlKjK=QcdSiOXVRO(HZMZVz
i³IµO(HZIO(N¶OX`RPVRO(IaO~^_`RHZVVOX`cdhiMZS
VO(HZIOi³IVRO(Si`RK=V[HZhiI·rQ\aOX`JlK
PSOeO(HZMHZSiOgNYh
IgVR`RhiMZMf
hiMQ~e
NUOXI:ÁnO(MMZOEQIJUJOXPRPO(I {\]O(`"´krK
^_O
z0RK
IIBevHZ`RJ-O(HIOh~	o
o`h'4~HZNK=VRHhiIJO(`ﬂQIlK
\_krK
ISiHe
SiO(IUK
`RHK
\MZO(IHN¸|uHWVRV[OXMoQI
GVﬂJO(`;nO(MZMOJQ`R^_S
OXctrQ_`Vz0R{HOMR{HPGg`OXV[HZPRHZO(`RQISiPRN-OXVR_hwJO
cdhi`RN:VFJHOU`RObwIh
MJPSiO(N-HZVV[O(MWV[OXI³½bK¾fwHO(`}e?OwVRh3G
OXPe
]
MZO(H^_gQISiO(Iapﬂ`_lK
MWV[QIS
PRSiMZO(H^_gQISiO(I
 

	   
  
	

	
	
  

:
3  
#
ctrQ`|uK
PRPObQIJ(i³N(oQMPﬂQIJZp+IO(`SiHOvctrQ`+V[Q`\QMZO(IV[OﬃOwV[`rhiNFQISiO(I+PRhŁQNyoJlKFYctrQ`{OXJO
QIlK
\_rK
ISiHZSiOSK
`RHK
\MZO{HI²O(JO(`	nO(MZMO{JOXPﬃCvO(^_O(IIOfV&EXO(P{OXHIOJHZPGg`ROfV[O=oaKﬁo
o`Rh4~HN-HOX`VRO
]
MZO(H^_gQISBEXQ#M³rhiPO(I#HPVz
RK=PPRH^_#OX`RSiOX\aOXIJO
]
MZO(HZ^_wQISiPRP?bwPV[OXNNUHWVJOX`vO(IV[P"o`ROX^_O(I~e
JO(It~BI
EK=_MBJO(` BIg\aOGLK
IIV[OXItevH`RJ HI O~nMKMR N-HZVOXHIOXN¶HZVRO(`[KLV[Hf
O(IﬂO(`cxK=_`ROXIqo
\lK
PRHZO(`O(IJuK
QcEJO(N O0i| 7xL2pEe ~bMS
hi`RHWV[_NFQPSiO(M°rhiPV(z
¸{¥¦¥  ¬ﬀ £¬!©À¬

¯|¯k¤l±2ªy¬0¯

¢2©

¢|­ ¬0¯
R{HOﬃK
_`XO(QS
QNUPV[`rhiNFQIS	=K=IIK
MZP;fih
MMaVRQ`R\QMOXIgVK
ISiOXPROX_O(IWeO(`RJO(Iqz
LK=NUHZIlK
`e V[Q`\QMZO(IV[O
r
 B\]O(`SrK
ISiOarhiIIOXI³f
O(`IlK
^_M°rK
PRPHS
VAeCOX`RJOXIqznR{HOZp+`cxK
PPRQISJO(`
s0H`gQIS-JO(`V[Q`R\QMZO(IV[OXI:OgV[`srh
NFQISiPSi`srh
iO(I#HIOXHIOXN IgQN-O(`HPR^_O(I`ﬂO(`cxK=_`ROXIyOX`cdhi`}e
JO(`V HIŁJO(`OXSiO(MgJOXIp+HIPRK=VO(HZIO(P5PRhiSzÀQ`R\QMOXI(N-h~JO(MMZP(zuBrQ`JHZO_HZO(`\aOX_lK
IJO(MZVRO(I
rK
MMZOnevQ`RJOCJlK
PEMZHIO(K
`RO|uhwJO(MZMgNUHWV5OXHIOXNTMhiSK=`RHZVR_N-HPR^_O(IXsK=IJSiOXPROXVdfiOX`"eO(I~e
JOXV $" pz
§\­p¢ﬀÁ«w¬ﬁﬀ®¬0¯¨§=±k¤ﬂ £¾¬Q¯
RKUJHOF|3K
^_(K
_M+JOX`{QIV[OX`RPRQ^_gVRO(IHOwV[`rhiNFQIS
O(I\]O(H 
"ﬁﬀ4ÂMHZO(S
V(odevH`JJHOILQc VyK
MP#HZI
hiNBo`O(PRPH\]O(MK=ISiO(PO(_OXIqzﬃO~HOvevH`JK
MPHZJOK
MZO(P
]
K
P
\aOX_lK
IJOXMZVQIJy\]O(PRHWVfVvJHOTp+HSiOXIPR^_K=c V[OXIuOXHIOXP	½OeVRhiIﬃﬂ PR^_OXPY|uO(JHQN-P(z
²n£s¤~£ ﬀ¨>¯k¤
©+ﬀd£¤£
R{HOxK
_` (OXQSiQN-PVR`srhiNFQISv\aOXPRHZVXVIOX\aOXI:PV[K=V[HZhiIkrK
`O(I~bIVRO(HMZO(IŁK
Q^_
_h~^_Si`[K
JHS#HIPVK=VRHhiI
r
K
`ROA~bIV[OXHMO Â
 
pz! N JO(I4_hi_O(I ~bQc eCK
IJ4O(HZIO(`YHIPVKLV[Hh
I
r
K
`ROXI
cCO(`O(^_IgQIS"XQfiOX`RN-O(HZJO(IqoeO(`JO(IHZIuJHZO(PO(`ﬃ~B`R\]O(HWVB`O(^_IO(`RHZPR^_IgQ`PV[K=V[HZhiI
r
K
`OA~BI~e
V[O(HZMOm\aOX`
rQ^#gPRHZ^_V[HS=Vo{Jqz _qz{JHO$XO(HZVRMHZ^_Oy~B\_krK
IS
HS%=O(HZV3JO(`:K=`RHK=\MOXIzfiOX`RP^_!evHZIJOfV
'&
&#()
"%fzŁRK3ctrQ`JO(I³ﬂO(`SiMOXH^_ N-HZVJOXN p 4QoaOX`RHN-O(IVhi_IO(_HZI*(O(HWV[MZH^_9SiOXNUHWVRV[OXMZVRO
|uO+
iOX`RSiOX\IHZPRPROŁ_O(`RK
ISiO,(hiS
O(I`eCOX`RJOXIqoPR^_OXHIVbJHO(PO(Pﬂhi`RS
O(_OXIuSiOX`ROX^_gVcdO(`V[HS=Vz
 -Iw . 
jj  dSQ0 j
w ?
R{HO;ﬂOX`"eO(IJQISYJO(P0/MjRBekh~hiMZPŁOwnC1/MR2(Q`3 BIV[OX`RPRQ^_wQIS:JOXPjfih
`RMHZO(SiOXIJOXIBOwV[`rh=e
NFQISiP"o`Rh
\MOXNUPOX`cdhi`JO(`V:K=Q^_qokO(HZIOU~bQPP[K
SiOrQ\]O(`YJHZO-K
Qc V[`OXVRO(IJOXIHlO(_MO(`HZI JO(I
IwQNUOX`RHP^_O(I54rhiPRQISiP[K
MZSihi`HZV[_NUOXI4QIJ5 I(QM³rK
IS
MH^_ﬁ
O(HWV[OXI4JO(`fiO(`?eCOXIJOfV[O(Iqo_!bwPHWe
=K=MHP^_O(I|uh~JO(MMZO6(QµV[`OaO(IqoJqz _qzO(HIO3SiOXO(HS
IOXVRO/ﬂO(`H'LK=VRHhiIPRPVR`[K=VRO(SiHZOctrQ`UJHO(PO(P
7ﬂ`hi\MZO(N XQzlIJO(Iqz7 BIVRO(`yJO(N cCOXSi`RH^­JOX` ﬂOX`RH^'LK=V[HZhiI_fiO(`PVRO(_VNUK
I0HIJHOXPROXN
nQP[K
N-N-O(I_lK=ISYJHO78:9;=<
)+*ﬁ-
9
,?>
8
,@)
;#;=9
,AB>ﬁ2=CED621*.23,., 2 
GF+2
9
,?>IH
(
J
;=9
,A
;
)C-KAJLC>/
*M

23,
;
J
<
/
2N>C/
2O )C )

2 
A2=C )C,@)
;#;=9
,AP>ﬁ2=C
9
,F
9
-
(
)C,AC-0/
1*.23,Q@.*R
;
/GSC)C-0/
;
1*.23,UTVJ+>ﬁ23- -2
 E
 
pz
R{HO1gMK
PRPHPR^_O(IUﬂO(`RH^'LK=V[HZhiIP\aOXHPoHO(MZOx35Q`R\QMZO(IV[O67+MK=VRVRO(ISi`O(IXPR^_HZ^_V&o%
VRQ`R\QMOXI~e
V[ONvhi_`PV[`
r
hiNFQIS3{QIJ²
r
Q^#!e
r
K=`V[PSiO(IO(HS=V[OhOwVRQcdOQqz=KzWo
JHZOc
r
Q`5JHOﬂO(`H'LK=VRHhiITfihiI
 BN-PV[`rhiNFQISiPebQIJ*i³IIO(IPV[`rhiNFQISiPo`hi\MZO(N-O(I`O(MO<f=K
IV:PHIJqo{evQ`JO(IjHNWK
_N-O(I
JHOXPRO(`j~b`R\]O(HWVEIH^_V+IlK
^_SiO(`O(^_IOfVz%p+HZIOQNcxK
ISi`O(HZ^_OﬂOX`RH^'LK=V[HZhiI:_HZO(` (Q²lIJOXV+PH^_
HI  EC"  z
nQIkrK
^_PV+O(`cdhiMS=V[OﬂO(HZIOMOwHNFQMK=V[HZhiIJOX`nOwVR`srhiNFQISbJOXPEMZO(O(`O(INYK
IK
MPXosQNTPRh{JOXI
r
 B\]O(`}e
O(HIPV[HZNUN:QISiPSi`[K
J:JO(`O~HZNFQMK=V[HZhiIPROX`RSiOX\IHZPRPROJQ`^_-OXHIOXIﬂO(`RS
MO(HZ^_NUHWVŁR{`Q^#ieQIJ
 &  

	   
  
	

	
	
  

:
3
42R~e}|uO(PPRQISiO(I3K
QPJOXNŁNnOge}|uh~JO(MM^evHIJﬁ=K=IlK
M (QyO(`NUHWVRV[OXMIqz0i³IV[OX`RO(PP[K
IVROF|uO,
=e
Si`srh%
 O(IeK=`RO(I-_HZO(`+JOX`xﬂOX`RMK
Qc]JO(PﬂPVK=VRHPR^_O(IYR{`Q^#
OXPHZN¹l`O(HPV[`RK
_MHZI~b\_krK=ISiHS
O(HWV
JO(`
]
`O(IXPR^_HZ^_gV"fihi`RK
\PRK
QSiQIS4PhevHO
]
O(P^_%evHIJHZS%
OXHZVRPo`hlMOUHIP\aOXPRhiIJO(`ODHImJO(I
BK
IJ(hiIO(I JO(PQ4K=Qcd\lK
IJO(P(zmi³IO(HZIO(N eCOXHZVRO(`ROXI*O~^_`RHWVRVbO(`cdh
MS
VROŁJHZOO~HZNFQMK=V[HZhiIuJO(`
 BN-PV[`rhiNFQISDQN JO(I O0~SpEe-N-rhi`"oaOX`{NUHWVﬃOwV[QcdOXI_OX^#]zwR{HZOTsjK
_MwlOXM K
QcﬂJHO(POF`ROXMK=VRHf
PRHNBoMZO
]
OXhiNUOfV[`HO
o5QN¶JHZOIwQNUOX`RHP^_OO~HNFQMK=VRHhiIJO(P-\aO<eCOXS
V[OXI24kK
Qcd\lK
IJO(P-QIJ
JO(`
]
`O(IXPR^_HZ^_Vfih
`[K
\PRK
QSiQIS (QI rK
^_PVK
IyO(HZIO(NOXHIcxK=^_O(I]K=_`XO(QSiS
`RQIJﬁ rh
`o]O(`
NUHWVvSiMK=VV[OXN  BIV[OX`R\]h~JO(IXQ/fiOX`RH^'(HZO(`ROXIqz>cCO(H`RO(K
MOXIK
_`(OXQS
cdhi`NUOXIgevHZOŁJO(N |uOX`e
^(O(JO(P /E4wN HPVJHZO{SiO(h
NUOfV[`RHZPR^_OX~BQ´rhiPQISJOXP  IV[O(`\ahwJOXIPvHN OX^_O(INUhwJO(MZMo`h=e
\MOXNK=VRHP^_3QIJ_K=V{\HZPR_OX`Q(Q 
O(HZIO(`b\aOfcd`RHOXJHS
O(IJOXI
r
 B\]O(`O(HZIPVRHN-NFQISUNUHWV{|yO+
iOX`e
SiO(\IHPRPO(IuSiOXcrQ_`Vz
pﬂ\]O(IPRh:QIw\]O(`=rQ^#gPRHZ^_gVRHS
V\MZHO(\-K
Q^_JOX`;p+HZI´lQ
YJOX`1K
JJ`O(_gQISoJlK*JHOhO~HZNFQMKLV[Hh
I
JHOXPRO(`hpŁaO+V[O*PROX_` 
hiNBoMO>4#HPVQIJuK
Q^_u_HOX`crQ`CIh~^_ 
OXHIOXf
O(`RH^'(HZO(`V[O(I/p+`RSiOX\IHZPe
PROAf
hi`RMZHOXSiO(Iqz>R{OX`bK
QPRSiO<eŁrK
_MZVRO@O0~SpEe-N-rhi`"oaOX`B`Q_V{PV[K=VRVbK
QcxPVRO(_OXIJOXI:ŁrK
JO(`IIgQ`
K
Qc+JErQIIO(I bwMHZIJ`RHZPR^_OXIvOwVRHZc VRO(Iy fwSiM z~B\\qz
¥
foPhJlK
UHIyJHOXPROXN cCO(`O(H^_ 
O(HZIO
`ROK=MHPV[HZPR^_O=oJqz _qz~cxK=_`XO(QSrK=_IMHZ^_O	ﬂOX`R\MZh~^#gQIS@fihi`MHOXS
VzQBrQ`CJHOBQIV[O(`PRQ^_VRO(I 7+`h=e
\MOXNUPV[O(MZMQISiO(IWevQ`JOŁJHO(PO
]
O(h
NUOfV[`RHZOJO(IIh~^_3K
MPvSiOXO(HZSiIOXVBK
ISiO(PO(_OXIqo XQNUK
MkK
Qc
JO(N
]
O(\HZOXV*JOX`@O~HZNFQMK=V[HZhiIfih
I
]
`RO(Iﬁ(PR^_H^_Ve{QIJ$4kK
Q~cd\lK
IJOXHI´ rQPRPO(I\]O(HxRK
HZNe
MO(`/C_`"bwPMO(`v\HZPJlK
_HZI#Ih~^_ 
OXHIOTp+`cxK=_`RQISiO(I`fihi`MK
S
O(IqzR{HZOﬃﬂO(`H'LK=VRHhiIJO(`7OX^_~e
IwQISiO(I 
/

OQ~ﬃpEe-N
r
hi`o]O(`7
h
IIV[OFIgQ`BHNPﬂO(`SiMOXH^_uNUHWVBS
O(N-O(PRPO(IOXI»N`[K=c VR\aOXHeO(`VRO(I
O(`cdh
MSiOXIqzR{`RQ^#wN-O(PPRQISiO(Ihz
r
KzPVK=IJO(IuIH^_V7(Q`ﬂOX`c
r
QS
QISz
 zn ¡_  S|XS

² (-w2    xSx
¸{¥¥¦  ¨{«w¬Q­­ ﬀ¬!©L¢|¯w®*«2¬!©Y¬!¨Vª*¬g£¾©ﬀ ¬
R{O(`\cCOX`ROXH^_#QIV[OX`R_lK
MZ\JO(P|yO+
iPV[`ROX^#
OXIw\]hwJO(IPBHPVHN8ŁNnOge}|uhwJO(MZMevHIJLK
IlK
M'=hiI~e
PV[`QV[H^f0PRh7SiO(PVK
MWV[OXV(oJlK
 JHZOI~B\P[K=QS%arK
PVRO(I1JO(`
]
`O(IXPR^_HZ^_Vfih
`[K
\PRK
QSiQISQIJ
JO(` 4kK
Qcd\K
IJ\]O(`O(H^_9HZI9O(HZIO(`K=\SiO(P^_Mh
PRPROXIO(Ino+QIV[O(`SiMHZO(JOX`VRO(I³NYK
N-NUOX`:O(HZISiOXMK
P}e
PRO(I·PRHZIJqoBJHO9QIVRO(`  BIVRO(`RJ`RQ^#­SiOXPROfVXV»evHZ`RJqzﬃR{O(`  IgVRO(`J`RQ^# evHZ`RJ­JQ`R^_ eO(H
BK
JHK
MZSiO(\M°rK
PRO OX`(OXQS
V(obJHZOK
I­JOX` =hiMMZO+V[hi`PROXHZV[HZSiO(I NYK
NUN-O(`?eK=IJ­K
IS
O(PR^_MhiPPRO(I
PRHIJ QIJ JO(IﬂhiMQNUOXIPVR`RhiN JO(`(ﬂh
`[K
\PRK
QSiQISIeO(S=crhi`RJOX`RIqz;R{HO`~B\P[K
QSi`[K=VROuJO(`
]
`O(IXPR^_HZ^_gVR\aOXO(HZI´lQPPRQISvevHZ`RJ PRhuO(HISiO(PV[O(MZMZV(onJlK
yO(HZIO\aOXPVRHN-N:V[OUR{`Q^#gJHaO(`O(I
<		
?!= evHZPR^_OXI«JOXN 7+MOXIwQN QIJ0JO(`gNYK
N-NUOX`DO(``ROXH^_V`evH`RJnzv|uO(PPRQISiO(I1JO(`
]
`O(IXPR^_HZ^_gVo`RhﬁlMO*HI`~b\_krK
ISiHZS%
OXHZV\f
hiIgf
O(`PR^_HZO(JOXIO(Iv~B\P[K
QSi`[K=VRO(I`lIJOXI3PH^_yHI
 !Â  z\R{HZOﬂhi`RK
\P[K=QSiQIS³evH`JIlK
^_hi\]O(I_HIJQ`R^_«OXHIOHZIJO(IzcChwJO(IO(HZISiOXMK
P}e
PRO(IO
ojo]O(`cdhi`RHZO(`V[OU~b\]JO(^#!oMK=VRVROv 3~b\PRK
QSiS
HZVRVRO(`"!{NUHWVŁOXHIOXNW4h~^_JQ`R^_N-O(PPROX`@fihiI
%ﬀ4Â K
\SiOXPR^_MZhiPRPO(Iqz%R{OX`ŁR{`O(_P^_O(HZ\aOXI`RHZISJO(P+|uO+
 VRHP^_O(P VRO(HMWV
hiIPV[`QV[Hh
IPR\]Ofe
JHIS=VJOXIW~b\PRK
QSi\]O(`O(H^_YevHZO(JOX`RQN HI eO(HO(HZM\]O(`ROXH^_O=o~OXHIO	iO(`PVROQIJWeO(HZVRO
ﬂhi`[K
\P[K
QS
QIS#K
Qc}zmRK
PQ4kK
Q~cd\lK
IJN-HZVBPROXHIOX`OQolK
II~evQIJv~BIV[`RHZO(\PO(HZI_O(HWVHPV{PhHI
JHO/~b\PRK
QS%LK
N-NUOX`UOXHIS
O(MK=PRPROXIqoCJK
JHZO {\]O(`RPO(HWV[OJOXPWcK
IJO(PDN-HZVUJOXN rQ\`RHS
O(I
|uO+
iPV[`O(^#
OXIg\ahwJO(I/oMK=IDHPVzQpﬂ\]O(I~cxK
MMZP=hiIPVR`RQVRHhiIP\aOXJHIS
V\]OlIJO(IPRHZ^_`RHZISiPCQN
JlK
P4kK
Qcd\K
IJBOQolK=MZV[\]O(`O(HZ^_OQIV[OX`RP^_HOXJMHZ^_O(`nc`RO(HWV[O fihiIﬀ4Â \HP "ﬁﬀ$ÂgfoiJHZO
O(HIOBﬂOX`R\HZIJQIS (Q`A~b\PRK
QS%LK
N-N-O(`Y_lK
\]O(Iqz2R{Q`^_jJHZO(POWOQolK=MZVXhiIOXI*evH`JmOX\aOXIPRh
 

	   
  
	

	
	
  

:
3  $
4kQ~c V#K
\SiOXP[K
QS
VodehwJQ`R^_O(HZIp+HI´lQﬁ
9JO(`gOQoK
MZVRSiO(hiN-OXVR`RHZO(IµK=Qc*JHOMZh%LK
MO
]
`RO(Iﬁfe
PR^_HZ^_gV[K
QP\HMZJQIS-QNJlK=P 4kK
Q~cd\lK
IJy_O(`QNO(`?eK=`V[OfVevQ`RJOZ fwSiMpz
~b\\qz
¸¥^° 
fz

¥¸¥±° 
7+`RHZI(HoPgH +(OBJO(PMnOge|yh~JOXMM^evHIJLK
IK
MP+N-HZV
]
`RO(Iﬁ(PR^_H^_Vf
hi`[K
\P[K
Q~e
SiQIS-QIJ 4kK
Qcd\lK
IJ
s0HO#HI  E"vSiO,(OXHS
VevQ`JO
oﬂ_lKLVUJHO
]
O(hiN-OXVR`RHOJO(Ps0HIJﬁ=K=IlK
MPOXHIOXI p+HZI´lQ
mK
Qc
JHO\]O(`O(^_IOfV[OXI9K
O(`h~JQb~IK
NUHZPR^_OXI cCO(H^eCOX`V[O=z2R{O(`HN-N-O(IPO@~bQc eCK
IJ (Q`:|yh~JOXMMZHOfe
`RQISjJO(`Zs0HZIJLK
IlK=MSiOXhiNUOfV[`HOYfih
IJO(`Zﬂh
`LK
N-NUOX`-\HP XQN Yh
MMO,V[hi`evQ`JOHN
BK
_NUOXI9JHOXPRO(`~B`R\]O(HWV	O(Jhw^_ IH^_VSiOXMOXHPVROXV(oEJlKJOX`Ulh%gQPK
QcJOX`@s0H`gQISJO(P
4K=Qcd\lK
IJO(PQIJJO(`
]
`ROXI(P^_H^_Vf
hi`[K=\P[K
QSiQIS-MHZO(S
V(zQ[HOX`R\]O(HevQ`RJOYK=ISiO(IhiNUN-O(Ino
JlK
K
MZMO\eCOXPROXIgVRMHZ^_O(I/pŁnO,gVRO_HI`RO(HZ^_O(IJSiO(IlK=Q\aOXPR^_`HO(\]O(IWeO(`JO(IqoQeCOXII#JO(`\cOfe
`RO(HZ^_uh
\aOX`R_lK
MZ\#JO(PB|uO,
iPVR`RO(^#=O(Ig\]h~JOXIPJQ`^_3OXHIOSiOXI rQSiOXIJ3S
`Rh%
iO=oO(HZIcxK
^_O%ch'4Q
NUHWVSp+HIPV[`rhiNeCQIJv~bQPPVR`srhiN-`[K
IJ\aOXPR^_`HO(\]O(I:eO(`JO(Inz{R{HOXPRO@ch'43_lK=VbJHOT~b\NUOXPe
PRQIS
O(I	

)

ﬀ>#vÂ ﬀ&jﬀEo
eK
PN-HZVJOXN OQ~ﬃp e}|uhwJO(MZMHIu|mi (QyO(HIO(`
ﬂO(`RP"oaOX`R`QISAf
hiI
)
E ﬀ>#·ctrQ_`Vz!R{HON=hiNBoMO>4OXI\lK=QMHZ^_O(I
]
OXSiO(\]O(I_O(HWV[O(I-QN JHZO
]
`O(IXPR^_HZ^_gV"fihi`RK
\PRK
QSiQISFQIJJlK
P 4kK
Q~cd\lK
IJ_OX`RQN PR^_HZO(IOXIXOXJh~^_-O(HZIOE=hiN(oMOXVe
V[OC|uh~JO(MMZHOX`RQISvJOXP |yO+
iPV[`ROX^#
OXIwQIgVRO(`\lK
QPIh
VkeO(IJHS:XQ:NUK
^_OXIqzuR{HO(P{evQ`JOJQ`R^_
JHOSﬂOX`RH=KLV[Hh
IPRN-O(PPRQIS
O(IqolJHZOHN8~b\P^_IHZVV &~z¿\]O(PR^_`RHOX\aOXI/eO(`JO(Iqo\]O(PV
r
K=VRHS
V(z
¸{¥¥  ¨{«w¬Q­­ ﬀ¬!©L¢|¯w®*«2¬!©Y©À¬Q¯ g¨§L±ﬀx§L±a£¯>¨©L¤

¨(¤¢2®]¢2¯2®
RK
PSiO(PRK
N:VRO OX^_O(IIOXVIevQ`RJOmK=QP"eO(HO(HMZIOXV(OXI´K=QcdSiO(\K
QVzMR{O(`WO(HMZ\aOX`ROXH^_
QIV[O(`_lK
MZ\4JO(P*|uO,
iPVR`RO(^#=O(Ig\]h~JOXIP²evQ`JO\lK
PHO(`O(IJ4K
Q~cOXHIOX` /d~SRBe
]
OXhiN-OXV[`HOŁNUHWV
JO(N _lK
MZ\lK
QVRhiNUK=V[HZPR^_OXIﬂOX`RIOfV(QISiPVRh~h
MSOQ~{|| ÁO~O(N-H~bQVRhiNKLV[H^u|uOXPR_HZIS9|yOfe
V[_hwJhiMZhiSb  OX`RPVRO(MZMZVoJOX` gQlK=JO(`crhi`RN-HSiOTO(HMkhi\]O(`_lK
MZ\uJOXPScChwJOXIPdHNcdhiMZSiO(IJO(I
   
 

	   
  
	

	
	
  

:
3
s0HIJﬁ=K=IlK
M\]h4Q{SiO(IK
IIV4|evQ`JOvHI;7  OQ2~Q ¾ 
fiOX`RIOfVXV(o3eCh
\aOXHHN cCO(`O(HZ^_-JO(`
]
`O(IXPR^_HZ^_gV"fihi`RK
\PRK
QSiQISQIJ QN@JHO"4kK
Q~cd\lK
IJP"olK
MWV[O_OX`RQN JHOW½OXV(K
Q´rh
PRQIS
PVK=`OX`R_krh
_gVdevQ`RJO=zRK:JHZOQ4rhi^_OX`HIDJO(`M~B\aJOX^#!oMK=VV[OJOX`
]
`RO(Iﬁ(PR^_H^_Vf
hi`[K
\P[K
Q~e
SiQIS 
)
%ﬀ$Â g:HN OX^_O(IIOXV#SiOXhiN-OXV[`HP^_9IH^_V-K
QcdS
O(M³rh
PV²eO(`JO(I arhiIIOXIqo
O(`cdh
MS
VRO-JO(`ROXI |uhwJO(MZMHZO(`RQIS#JQ`R^_y3oah
`srhiPO(p+MZO(N-O(IV[Oz2R{HO(PYPHIJmHI4JO(`²O~nE/MR
ekO(`RN-HIhiMhiS
HOP"oaO,(HOXMMZOhnO(MMWVkb0oaOXIqogJO(IOXIDO(HZIBf
O(`V[O(HZMZVRO(`(og`H^_V[QISiP[K
\_krK
ISiHZSiO(`R{Q`^_~e
PV[` rhiN²evHZJO(`PVK=IJ (QSiOevHZO(PROXIWevQ`RJO 'E zQRK
\]O(HevH`JK
ISiOXIhiN-NUOXIqogJlK
ŁHIJO(N ﬂh=e
MQN-O(IqoﬂJlK=PJOXItfiO(`V[OXHMZVRO(Is0HJOX`RPV[K
IJµOXIV[_ rK
MWVo rQ\]O(`[K=MMvO(HZI Mh=K=MO(P
]
MO(HZ^_SiO<evH^_V
evHP^_O(I:R{`RQ^#DQIJgs0HZJO(`PV[K
IJP w`RK=c V_O(``RP^_gV(oaPhUJK
SiHMWV
 

)


	

 &CE%
JlK
`RHZIPHIJ

j 
)
%ﬀ$Â ﬀE%+JHOJ`O(Hndhi`VR_hiSih
IlK
MOXI hi`VRh
V[`h3o_OXI"K
QN-`RH^_VRQISiOXIDQIJ

°okJHZOAR{Q`R^_M°rK
PRPHS%=O(HZVv\ﬁeYz]JHO krQIPV[MZH^_O
]
OXPR^_%evHIJHS%=O(HWVBHZIuJO(`7HZ^_V[QIS

 z
R{HOR{Q`^_M³rK
PPRHZS%
OXHZV2evHZ`RJyK
MZP wQK
PRHZMHIOK
`OXlQIV[HZhiI#JO(P	cCOXVR`[K
S
PJO(`NkrQIPV[MHZ^_O(I
]
OXPR^_%evHIJHS%=O(HZV

g\]OXVR`[K
^_VROXV


)


	  &ﬁ!
R{HO hiIPV[K
IV[OXI

nQIJ	VevQ`JO(I#K=QP|yO(PRPQISiOXI#JO(PCK
\SiOXP[K
QS=V[O(I(ﬂhiMQN-O(IPV[`hiN-P
rQ\aOX`kJO(`wR{`Q^#gJHaO(`O(I < 	
+? =FOX`RN-HZVV[O(MWVo4eCh
\aOXHiIgQ`kO(HITR{Q`^_PVR`srhiN-O(IYHZI HZ^_gVRQIS
Ihi`RNUK
MEXQNl~B\P[K
QSiSiHZVV[OX`B(QS
O(MK=PRPROXI evQ`JO
zxR{HZO#|uOXPRPRQISjJOX`U|3K
PRPO(IPV[`rhiNUOyO(`}e
cdhiMS
VRObN-HZVV[O(MZPOXHIOXPMfihi` LK
MHZ\`RHZO(`VRO(Iqo
h
NUN-O(` (HOXMMZO(IYR{Q`R^_´lQﬁ
iNUO,
iP"bwPV[O(N-PctrQ`Nvhi_`}e
PV[`rhiNFQISiO(IqoaJlK
PBIlK
^_JOXN 7+`HIXHo3JO(`S[O(H 
lMN-PRh
IJOŁK
`R\]O(HWV[OXVBQIJ3_HIV[OX`bJHZO²~B\~e
P[K
QSoQNBoaOUSiO(P^_lK
MZVROXVTevQ`RJO
z3 N JHO|uO,
iO(`SiO(\IHPRPODIHZ^_gV	(Qyf
O(`crK
MP^_O(Iqo5NFQ
 VRO
fihi`JOX`[BOXHG
MN-PRhiIJOO(HZIODSiO<evHPPROWp+HIMK
QcdPV[`O(^#
ON-HZV
]
MO(HZ^_`RHZ^_V[O(`I9QIJ~HZO(\]O(I
fihi`SiO(P^_lK
MZVROXVTeCOX`RJOXIqz|RK
JQ`^_mOX`R_krhi_VROUPH^_jJO(`
]
OXP[K
NŁV[J`Q^#%fiO(`MQPVFJOXP!b~PV[OXNUP
PRh4PVK=`o+JlK
 JHZO 7ﬂQN(o]O#JO(I cCOXVR`RHZO(\P"oQIVBfihiI < 	
?!=
)
 
#ﬁﬀ mIH^_V-NUOX_`
O(`R`O(HZ^_O(I 
hiIIgVRO
zRK
_OX`²evQ`JO#JO(`-|3K=PRPROXIPVR`RhiN¶HZN cOXV[`HOX\PoQIVDK
QPJO(Iqfih
`e
_lK
IJOXIO(Iu|uOXPRPQISiOXIyO>4wV[`[KﬁoahiMZHOX`Vz~|uHWVCJO(Ihi\]O(IK=ISiO(S
O(\]O(IOXI
]
MZO(H^_gQISiO(I &CE:QIJ
&O(`RS
O(\]O(I3PH^_uK
QPvJHZO(PROXI|yO(PRPQISiOXIJHZOYh
IPV[K
IV[O(I

5QIJﬂ	XQq

 
  µ 
 
ﬃ   ! " #

 " " Â#C"C"
	 $i'"&% $'"'% 'EC"
i³IZ~b\\qz
¸{¥±° (
HZPVJHOhR{Q`^_PVR`
r
hiN-^_lK
`RKV[OX`RHPV[H FJO(P~b\P[K
QS
SiHZVV[O(`\aOX`ROXH^_OXP;fih
I|uOXPe
PRQISbQIJUvO(^_IgQISJlK
`RS
O(PVRO(MZMZVzunQIkrK
^_PVjevQ`JO(IK=QPEJOXI|uOXPRPRQISiO(IJHO;R{`RQ^#%fiOX`e
MQPV[\]O(HeO(`V[O*)+w\]O(PV[HN-N:V(zi³N vO(^_OXIN-h~JOXMMevQ`RJOJlK
II*O(HZIO+\]O(PVRHN-N:V[On~B\P[K=QSi`[KLV[O
,
 f
hi`RS
O(SiOX\aOXIQIJJHZObPRHZ^_DJlK
\]O(HaO(HZIPVRO(MMZO(IJOﬃR{`Q^#gJHaO(`O(IF< 	
+?.=3K
QPRSiO<eCOX`V[OfVz
ﬂO(`RS
MO(HZ^_VNUK
IJHZOv\aOX`RO(^_IOXVRO(IWcCOfV[`HO(\PoQIﬁgVROBN-HZV JO(I-O34wV[`RKo]hiMHZO(`VRO(IU|uO,
eCOX`VRO(Iqo
PRh-HPVvOXHIOYSiQ~V[O
r
 B\]O(`O(HZIPVRHN-NFQISUXQuOX`
OXIIOXIqz
 

	   
  
	

	
	
  

:
3    
-900 -700 -500 -300 -100
0
250
500
750
1000
1250
1500
1750
Messung
Rechnung
Druckdifferenz Absaugkammer-Plenum p [ Pa]∆
a
bg
e
sa
u
gt
e
r
M
a
ss
e
n
st
ro
m
m
[kg
/h
]

¥h¸¥^° (
x~b\S
O(P[K=QS
V[OX`|3K=PRPROXIPVR`RhiN
,
 rQ\aOX`UJOX`ZR{`Q^#gJHaO(`O(I < 	
?.= evHe
PR^_OXI 7+MO(IgQN QIJg~b\PRK
QS%LK
N-NUOX`
¸{¥¥ D¤¯2«

¬Q«ﬀ¯2®]¢2¯2®¬0¯
 
ﬀÁ¯¨X£© ¨>ªy© ¤¯2«
R{HOS
O(P[K=N:V[OwV[HZ`RI´rK=^_OŁJO(`s0HIJLK
IK
M\]h4WevQ`RJOFK
MZPﬃp+HIPV[`rhiNe
`[K
IJ JOIHOX`VoﬂPhjJlK
4O(HZI _hiNUh
SiO(IOXPZp+HZIPVR`srhiN-O(I7NUHWV
)
#C" uJK
`RSiOXPVRO(MMWV
evQ`RJO=z{R{HO*N-HZVJO(`Q4K=Qcd\lK
IJM³rK
IS
O0SiO(\HMJOXV[O 
 
qK
_ME\]OXVR`srK
S=V
)
Eﬁﬀ& $g'"'%z
R{HOSQ`R\QMOXI(Si`
r
h%
iOXI3K
NDp+HIV[`HZVRVdevQ`RJOXIuN-HZV 
)
" ﬀ"QIJ 
)
"ﬁﬀ"~Sfihi`SiO(SiOX\aOXIqz

¢5¨¨f£© ¨Vª*©L¤
¯|«
R{OX`X~bQPPV[`rhiN-`[K
IJIevQ`RJOUN-HZVJO(` SoV[HZhiI»%EMheeﬃQoMHWV&K=QcJHZO
_HIV[OX`ROwVRH`RIPRO(HWV[OFS
O(MOXS
VonPRh#JlK
#JOX`ﬂh
MQN-O(IPV[`hiNh
\aOX`R_lK
MZ\JO(PTcChwJOXIPY_HOX`JlK
P
OX^_O(IS
O(\HZOXVfiO(`M
r
K
=Vz%R{OX`ﬂK
\SiOXP[K
QS=V[O\ﬂhiMQNUOXIPVR`RhiN£evQ`RJOK
IK
MhiS XQN `OK
MZO(I YKLe
IlK
M
r
Q\]O(`1eO(H{~bQPRM
r
K=PRPROYK=N _HZIgVRO(`O(I`p+IJOYJOX`\~b\PRK
QS%LK
N-NUOX`K
\SiO(MZO(HZVROXVCQIJ#_lK=VV[O
O(HIO(Ig~bIV[OXHMfih
I "ﬁﬀ "K
N
]
O(PRK
N:Vf
hiMQNUOXIPVR`RhiNyz
²¨>¯¨X£ ﬀ ®>¬ ¤¯|«

¬0«ﬀ¯w®a¢2¯w®>¬0¯
R{O(`Ys0HZIJLK
IlK=M\]h~JOXIQN JK
P64kK
Qcd\lK
IJevQ`RJO
K
MP-SiMKLVRV[O`sjK
IJµN-HZV([bKLc V[\]O(JHZISiQIStsjK
MZM o Ih
PRMHo
!FJlK
`SiO(PV[OXMMZV(oﬂPRhJlK 
jPRHZ^_µO(He
IOIlK=V
r
Q`RMHZ^_O
]
`ROXI(P^_H^_V:K
Qcd\lK
QO(I =K=IIqzwR{HO
r
Q\`RHZSiO(I wO(HZVRO(I4JO(`Ss0HZIJLK
IlK=M\]h'4
evQ`RJOXI#K
MPxs rK
IJObhi_IOS[bKLc V[\]O(JHZISiQISŁJlK
`SiO(PV[O(MZMZV(zQR{HZOhcCOeO(SiQISJO(P14kK
Qcd\lK
IJO(P
evQ`RJOuJQ`^_ IhiPMHo~e sjK
MMZP:PHNFQMZHOX`Vo5JO(IO(I JHO
]
OXPR^_%evHIJHS%=O(HWV

	
)
#C" 
fihi`SiO(SiOX\aOXI(evQ`JO
z0i³I-JO(IU\aOXHJOXI vHIS
PolK
MWV[OXIK
IUJO(`;cK
IJf
hi`RJO(`e5QIJY[BHZIV[O(` LK
IV[O
evQ`RJOJHO(PO@`[K
IPMK=VRHhiIPR\]OeO(SiQISDHIOXHIOXNOXIV[Po`RO(^_O(IJOXIqVbwMHZIJOX`
hwhi`JHIlKLV[O(Iwe
P"bwPVRO(N HI3O(HIO h
V[K=V[HZhiIP\aO<eCOXSiQISQN-SiOX`RO(^_IOXV(zwR{HO²Q`\QMOXI@evQ`JONUHWV{OXHIOXN
 "  

	   
  
	

	
	
  

:
3
MHIOK
`O(I 
 

 
Q`\QMOXI(N-hwJO(MZMaN-HZVMh
SK
`RHWV[_N-HP^_O(N sK
IJSiO(POXV{NUhwJOXMMHZO(`Vz3R{HZO
" 
 
smO(`V[O*MK
SiOXI6evHP^_O(I:ÂC" " T #C"~z
¸{¥¥±° ¥¤
©L¨X£¬0­­p¢2¯2®*«w¬0©/¬£ %®¬!¨Vª*¬g£¾©ﬀ ¬

¬ﬁﬀM­¬!¬!©À¬0ª u¤¯k¤­
i³I:JOXI²~b\\qz
¸¥¤	
e
¸¥¤
HPVJHOﬂ\]O(PR^_`RHOX\aOXIOM½OXV(SiOXhiNUOfV[`HO c rQ`kJOXI:MOXO(`O(IAs0HZIJLK
IlK=M
JlK
`RS
O(PVRO(MZMZVz
{HZO(PO(P OX^_O(IIOXV;evQ`RJOCK
MPw~BQPRSK=ISiPRIOXVc rQ`JHO ~HZNFQMKLV[Hh
INUHWV Q~SpEe
 rh
`o]O(`\fiOX`"eO(IJOfVz
Inlet
u =50 m/s
¥
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Outlet
z=0

¥¸¥¤	
½BOfV(S
O(hiN-OXVR`RHO	iMOXO(`O(` YK
IlK=Mo ~OXHZV[OXIlK
IPH^_VvN-HZVﬂhi`[K
\P[K
QS
QISoﬁ4K=Qce
\lK
IJyQIJuK
QcdSiOo`
r
K=S
V[OXI K
IJ\]O(JHISiQISiO(I
Laufband
1. Absauggitter
2. Absauggitter
Auslaß GSVA

¥S¸¥¤{¦
O(hiN-OXVR`RHOyJOXP"OX^_O(INUhwJO(MZMPUHN cChwJO(Ig\]O(`ROXH^_0N-HZVB~b\PRK
QSiS
HZVRVRO(`Iqo
4K=Qcd\lK
IJyQIJg~bQPRM³rK=PRPROXI
 

	   
  
	

	
	
  

:
3  

1. Absauggitter
2. Absauggitter
Absaugkasten
Laufband

¥	¸{¥¤!
O(hiN-OXVR`RHZOyJO(P"vO(^_OXIN-h~JOXMMZPUHZN  IV[O(`\ahwJOXIw\]O(`O(HZ^_NUHWV 4kK
Q~cd\lK
IJ
QIJg3~b\PRK
QS%LK
PV[OXI


¥w¸¥¤
½OXV(SiOXhiNUOfV[`HO 
{OXV[K
HM 4kK
Qcd\lK
IJfihi`JO(` LK
IV[O
 Â  

	   
  
	

	
	
  

:
3
  -Iw d-   
 
2Q
XSﬁ¡_  XXS ² (-ww    xSx
 BN \aOXHqJO(` ~HNFQMK=VRHhiI-JO(`E BN-PV[`rhiNFQISFJO(P 0~SpEe -rhi`"oaOX`RP
O(`O(`V[\lK=`ROTp+`RSiOX\IHPPRO
O(`XHOXMO(I XQ arhiIIOXIqo+HPVFO(PIh
VCOXIJHZSoE\]O(PV[HN-N:VROYpŁnO,V[O#HNMOXO(`O(I YK
IlK
M(QN-HIwe
JO(PV gQlK=MHZV[K=V[H`RHZ^_gVRHS\]O(`O(^_IOXI XQ  rhiIIO(IqznQyJHO(PO(I#PROXIPRHWV[HiO(I ` rh%
iOXI" rK
_MZVJHZO

{`RQ^#	iOX`VRO(HMZQISUM rK
IS
PJO(`b|uO+
 PV[`O(^#=O
z
³Ig~b\\qz
¸{¥¤
°
HZPVJO(`\ﬂOX`RMK=QcEJO(PPVKLV[HP^_O(I

{`RQ^#g\]O(HO(`V[OXPŁµih
IF|uOXPRPQIS{QIJBvO(^_IgQISB\aOXHO(HZISiO(P^_lK
MWV[OXVRO(`wﬂhi`[K=\P[K
QSiQIS7(Q
PRO(_O(Iqz 
K
`RSiOXPVRO(MMWVPRHIJ:JHZOsmO(`V[OHI:JO(IF\]O(HZJO(IFrhi_OXI #
)

# QIJ #
)
E%ÂC#
HI#JO(`B|uHWVRVROJO(P YK
IlK
MZP(olK
MZPRh\]O(H "
)
" z
-1000 -500 0 500 1000
x [mm]
-0.02
-0.01
0
0.01
0.02
0.03
0.04
c p
Messung, z= 75 mm
Messung, z=325 mm
Rechnung, z=75 mm
Rechnung, z=325 mm

¥¸¥¤
°
{ﬂO(`MK
QcJOXPŁPVK=VRHPR^_O(I 
{`Q^#g\aOXHO(`VRO(P²µUHN MZO(O(`O(I YK
IlK
M+N-HZVYOXHISiOte
PR^_lK
MWV[OfV[O(` `RO(Iﬁ(PR^_H^_V
hi`[K
\P[K
QS
QISo 5{QO(MZMOY|uOXPRPQISV 
nQ7\]OK=^_gVRO(I HPV(oEJlK 
4PH^_ HI9JO(`U|uO(PPRQISjJHZOWpŁnO,gVROuJO(` `RO(Iﬁ(PR^_H^_V
hi`[K
\P[K
Q~e
SiQISUNUHWVJO(N 
{`Q^#gSi`[K=JHOXIgVRO(IJO(PMO(OX`ROXIYK
IlK
MZPhi_IO `RO(Iﬁ(PR^_H^_V[\]O(OXHI´lQPRPRQIS
r
Q\aOX`RMK
SiO(`Iqz
r
Q`vOXHIOY\]O(PRPO(`OAﬂO(`SiMOXH^_g\lK
` 
OXHZVvN-HZVvJOX` vO(^_IwQISvQ`JO(IuJlK
_OX`BJHZO
|uO+
O(`V[O=hi`R`HSiHZO(`Vo+HIJO(N¶JOX` `[K
JHO(IV-JOX`MOXO(`O(I|yO+
iPV[`ROX^#
O PRQ\V[`RK
_HOX`VUQIJ
O(HIOg5K
`HO(`QIS Á½QMMoQIVK=\SiMOXH^_FK=Qc{JOXItµ
 
sjOX`VU\aOXH!
)
"  
hi`RSiOXIhiNe
NUOXIvQ`RJO
z 
{OX` gQlK=MHZV[K=V[HiOUﬂO(`MK
QcvH`RJihiI9JO(` wHNFQMK=V[HZhiISiQVvHOXJO(`SiO(SiOX\aOXIqo
O(Jhw^_HPV{\]O(HSiO(IlK=QO(`O(`COfV[`RK
^_V[QISJO(` `[K
JHO(IVBHIuJO(` wHNFQMK=V[HZhiI#JQ`^_SrK
IS
HS
OXVCK
PBS
`srh%
iOX`vK
MPHZI#JO(`B|uOXPRPRQISz 
{HO ~OXI
OXI	vH`gQISDJO(`\]O(HZJO(Ig~b\P[K
QS
SiHZVV[O(`Td\aOXH
 
i""   ! 
 
 
""  QIJ
 
 
#"   !
 

#" gO(` (OXQS
V
OﬀO(HZMPkO(HZIO(I
PVK=`
OXI 
{`RQ^#=K=IPVRHO(SoJO(`*HIVHZ^_gVRQISuJO(P Yh
MMO,V[hi`PﬁvHO(JO(`ŁK
\SiOX\lK
QVﬂvH`Jqz 
K
P
 

	   
  
	

	
	
  

:
3  
E
4K=Qcd\lK
IJ3O(`RPV[`O(^#VYPRHZ^_ ihiI
 
&%ÂC"   !V 
 
" z
r
 \aOX`{JOXN 

K
MZVbK
N¼p+IJO
JO(P4K=Qcd\lK
IJO(P=hiN-N:VO(P vHZO(JOX` XQ:OXHIOXN 
{`RQ^#LK
IPV[HZO(So JOX`EK
Q^_FHI*JO(` ~HZNFQMKLV[Hh
I
vHO(JO(`RS
O(SiOX\aOXI vH`Jqz 
{HOXPRO 
{`Q^#gP

HWV(O vH`JVXQN O(HZIO(I4JQ`^_jJHZO  BIPV[OfV[HS
O(HWV*HI
JO(`Ch~JO(ISiOXhiN-OXV[`HO iOX`RQ`P[K
^_V(o(QN K
IJO(`O(IvHZ`RJJQ`R^_JOXI 

K=MZV0ﬀvHZPR^_OXI64K=Qce
\lK
IJ#QIJ ChwJOXIuK=Q^_ 4kQ~c VK
\SiOXP[K
QS=Vo h~JQ`R^_mrK
_IMH^_ vHZO{\]O(HqJOX`Mﬂhi`[K=\P[K
QSiQIS
O(HIO wO(I=O(I	vH` wQISO(IVRPV[OX_Vz|uHZV XQIOX_NUOXIJOX`:rhi_O vH`J7JHOW~b\	O(HZ^_wQIS$ﬀvHe
PR^_OXI |uO(PPRQIS3QIJVvO(^_IgQIS gMO(HZIO(`XovHOPH^_4HIJOX`*\]O(PPROX`RO(I
r
 B\]O(`ROXHIPV[HZNUNFQIS
JO(` Q`
O(Iyc rQ` #
)
E3Â# (OXHS
V(z
-1100 -1000 -900 -800 -700 -6000
20
40
60
80
100
120
Z
1.02
0.99
0.95
0.92
0.88
0.85
LDA-Messung u/u
∝
x
-1100 -1000 -900 -800 -700 -6000
20
40
60
80
100
120
Z
1.02
0.99
0.95
0.92
0.88
0.85
CFD-Rechnung u/u
∝
x

¥Q¸{¥¤¤
 
{HZNUOXIPRHZhiIPMhiPOBK
Q

VRPVR`srhiNFQISiP=hiN

hiIO(IV[O  '·rQ\aOX` JOX`|ﬂhi`RK
\P[K=Q~e
SiQISo
ﬂOX`RSiMZO(HZ^_ 4 
~e}|uO(PPRQISU OX^_IgQIS

{O(`b\]O(P^_`RHZO(\]O(IO ~O(I=O(IO<nO,VŁJO(` `ROXI(P^_H^_Vihi`RK
\P[K=QSiQIS vQ`JOFN-HZVRVRO(MZP 4 
~
Ih~^_OXHINUK
MgJOXV[K
HMZMHZO(`VRO(` iOX`RN-O(PPRO(Inz%~b\\qz
¸¥¤¤
(OXHS
VEJO(IﬂO(`SiMOXH^_B vHP^_O(I-SiO(N-O(P}e
PRO(IO(N¸QIJF\]O(`ROX^_IOfV[O(N wV[`rhiNFQIS
PcdO(MZJurQ\]O(`5JO(I\]O(HZJO(I²~b\PRK
QSiSiHWVRVRO(`RIŁHIŁJO(`ﬂ|yHZVRVRO
JO(P YK
IlK
MZP(zu~bQcdS
OXV[`RK
SiOXIHPV JHO BK
Q

VRPVR`
r
hiNFQISiP=hiN

hiIO(IV[Oko=JHON-HZVEJO(`+Si`
r
h%
 VRO(I
K
Qc V[`OXVRO(IJOXI O(P^_ vHZIJHZS%
OXHZV 

JHN-O(IPHhiIPRMh
PbSiOXNK
^_V vQ`JO
z{~BIlK
Mh
S"(Q4JO(I

{`RQ^#gN-O(PRPQISiOXIuHZIY~b\\qz
¸¥¤
°
HZPVvK
Q^__HOX`O(HZIO gQlK
MZHZV[K=V[HSiQV[O
r
 B\]O(`ROXHIPV[HZNUNFQIS
ihi`_lK
IJOXIqzÀ~bQPJHZO(PROXIŁQIJﬂO(HWV[OX`RO(IF|uO(PPRQISiO(IvQ`RJOXI:JHZO+HI~b\\nz
¸{¥¤¸
JlK=`RSiOXPV[OXMMe
V[O(I Y`O(IXPR^_HZ^_V

`hlMOuO34wV[`RK
_HZO(`V(o+JHO#OXHIOyO(HZIcxK
^_OX`RO wQK
IV[HZV[K=V[HiOgp+HIP^_krK=V(QIS
JO(P
r
 B\]O(`O(HZIPVRHN-NFQISiPSi`[K=JO(POX`RN3rhiSiMHZ^_O(Inz~b\SiO(\HZMJOfVkPRHZIJihiI*MHZIgPqhi\]O(I*\HP`O(^_V[P
QIV[O(I JHO9Ihi`RN-HOX`V[OXI Y`O(IXPR^_HZ^_V

`hlMO7M³rK=ISiPJOXP YK
IK
M\]h~JO(IPXz 
{O(`QIVRO(`RPV[O
 CK
IJIkrK=^_PVRO|yO+


QIV vQ`JO#\aOXH#
)
Â  SiO(N-O(PPRO(InzHOX`O(`RS
O(\]O(I7PRH^_7HN
   

	   
  
	

	
	
  

:
3
ﬂO(`RS
MO(HZ^_u|uO(PPRQIS "vO(^_IwQISN-HZVNUK+4az
  JHZOYSi`srh%
=V[O(I`~B\ O(HZ^_gQISiOXIqz
pﬂHZICOXHZV[OX`ROX` vHZ^_V[HS
O(` 7+QIVHIYJOX`wﬂOX`RH^'LK=V[HZhiI{JOX` vO(^_IwQISbJOXPkMO(OX`ROXI YK
IlK=MPCK
`
JHO;~bIlK
M wPROCJO(Pnp+HIQ´lQPRPO(P JO(`3K
IJP

K
MWV[OQNTJlK
P34kK
Q~cd\lK
IJqz 
³I@~B\\qz
¸¥¤ 9
PRHIJŁctrQIc
pﬂ\]O(IO(I4\aOXH !
)
   
nJlK
`RS
O(PVRO(MZMZVBdJlK
P 4kK
Qcd\lK=IJ O(`RPV[`O(^#V*PRH^_ ih
I
 
&%ÂC"  
!2Ä
 
"gtz 
{OX`*PO(HWV[MHZ^_O BK=IJjJOXPB4kK
Qcd\K
IJOXPŁMZHO(S=VY\aOXH*"
)
 
ÀÂ"okMHZIgP
JlK ihiI³ " 
 
ÀÂC" gvHPVbJOX`BQIw\]OﬀO(S=V[OYK
IlK
MZ\ahwJOXIqz>nQPsrKLV(MZH^_ (Q`	~bQc VR`[K
S
QIS
JO(` BK
Q

VRPV[`rhiNFQISiP=hiN

hiIOXIV[O koJHZObN-HZVJO(` O(PR^_	vHZIJHS
O(HWV ­JHN-O(IPHhiIPRMh
P
SiO(NUK
^_VvQ`RJO
oqHZPVHZI:~b\\nz
¸¥¤ 9
JHO ~O+gQIJ rK
`RPV[` rh
NFQIS#N-HZV{JO(IhiN

hiIO(IV[OXI

QIJ0K
MPŁﬂO,gVRhi`ROXIK=QcdSiOXVR`[K
S
O(Iqzs0HZOJHO 4 
~e}|uO(PPRQIS
O(I XO(HZS
V[OXIqo vH`JV[K=V[P rK
^_MZH^_
wV[` rhiNFQIS
PRNUK=V[OX`RHK=MgK
\SiOXP[K
QS=Vo ChwJQ`^_Mh%LK
MgJHZO `ROXI(P^_H^_Vﬂ\]O(O(HZI´lQ
=V vHZ`RJqz 
{HOte
PRO`pŁnO,V[O"
h
IIV[O(I gQlK
MZHZVKLV[HK
Q^_ HIJO(`~HZNFQMK=V[HZhiIvHZO(JOX`RSiOXSiO(\]O(I O(`JO(Iqo vHO
~b\\qz
¸¥¤ 9
`ROX^_V[P:XO(HZS
Vz
~bQ^_FJHOC|uO(PPRQIS
O(IrQ\]O(`JO(N 

K=MZV5K
N 4kK
Qcd\lK=IJO(IJOO(HPO(IFOXHIOXI:MZh%LK
MOXI²p+HIQ´lQ

K
QcJlK
P `RO(IPR^_HZ^_gV

`RhﬁlMK
Qc}zms0HZOPR^_hiI O(HZVRO(`hi\]O(I4SiOXPR^_HZMJOX`Vo vH`RJJQ`R^_mJO(I
\ahiS
O(Icrhi`NUHZSiO(I 

K=MZV0ﬀvHZPR^_OXI64K=Qcd\lK
IJQIJ ChwJOXI 4Qc VCK
\SiOXP[K
QS=VQIJO(P1=hiN-N:V
(QjOXHIOX`SﬂO(` rhiSiOX`RQIS3JOX` gV[`srh
NFQIS#_HZIgVRO(`YJOXN 

K
MWVz 
KHN OX^_O(INUhwJO(MZMﬂK
Q^_
JHOXPRO(` 

K
MWV-SiO(hiN-OXVR`RHZPR^_µK=QcdSiO(M°rhiPV vQ`JOq wSiM zn~B\\qz
¸{¥¤  
fo 
h
IIV[OJHZO(PO(`(pnaO+V
(QN-HIJO(PV gQlK
MZHZV[K=V[HK=Q^_uHZI#JO(` ~HZNFQMKLV[Hh
I\]O(hi\lK=^_gVROXV COX`RJOXIqo vHOHZIg~B\\qz
¸¥¤(
(QyPRO(_O(I3HZPV(z
nQP[K
N-N-O(IcxK
PPROXIJmM°rK
 VYPH^_4P[K
SiOXIqoJlK
#JHZOBpnaO+VROUJOX` Y`O(IXPR^_HZ^_gVihi`RK
\PRK
QSiQIS
QIJJOXP 4K=Qcd\lK
IJO(PN-HZVBPRO(HZIO(I K
IJP

K
MWV[OXIHIJO(` ~HZNFQMK=V[HZhiIu_HI`O(H^_O(IJSiOXIlK
Q
vHO(JO(`RS
O(SiOX\aOXI O(`RJO(I =hiIIV[OXIqz 
{O(` 
{OXV[K
HMZMHZO(`RQISiPRS
`[K
JŁJO(P0vO(^_OXINUhwJOXMMP+P^_O(HZIVo
HIP\aOXPRhiIJO(`RO CK
PYJHOU=hiN

MO34~OXI 

K
MZVRSiO(hiN-OXVR`RHZO(I =K
`HK
\MZO(``RO(HWV[O\]OXVR`RH]VonK
QP`RO(He
^_O(IJ"XQPO(HInz 
{HZO iO(`\MOXH\]O(IJO(IY~B\ O(HZ^_gQISiOXI  vHP^_O(I#|yO(PRPQISQIJ ~HZNFQMKLV[Hh
I
PRHIJµN
r
h
SiMHZ^_O(`COXHPRO (QN O(HZMBJlK=`[K
QcQ(Q`
r
Q^# (Qc
r
Q_`RO(InoJK
jHZI JOX` ~HN:QMK=VRHhiI JHZO
s0HIJLK
IK
MSiOXhiN-OXV[`HOFIH^_V:\]O(`
r
Q^#gPRHZ^_gVRHS
VﬂvQ`JO
z2p+PŁHZPV*JOXIg\lK
`(okJlK 
uOXHIO `RO(Iﬁfe
PR^_HZ^_gVihi`RK
\PRK
QSiQIS{HIYO(HZIO(Nzs0HIJLK
IK
MZcd`O(HPV[`RK
_M
OfVK=P K
IJO(`RP vH` VosK
MZPHIYJOX`5SiOte
`RO(^_IOXVRO(IWs0HZIJLK
IlK
MZ\ah4Qz0nQN OXHIOXI vHZ`RJ-O(HI

`Rh(O(IVRQlK
M]K
IJOX`ROX`;ﬂhiMZQNUOXIPVR`RhiN
K
\SiOXP[K
QS=VoﬁXQN"K
IJOX`RO(IPHIJJHO:BK
IJ\aOXJHISiQISiOXIDQIV[OX`RP^_HOXJMHZ^_qz 
{OX`Ml`ROXHPVR`[K
_M
O(HIO(P`RO(K
MOXI:s0HIJﬁ=K=IlK
MP LK
IIPRHZ^_ K
QPJO(_IO(Iqo\HZPK
IJOX` wV[`RK
_MZSi`ROXI(OFJO(`  NUSiOte
\QISiPJ`RQ^#FJO(PH7+MZO(IgQN-P 		
g_OX`R`RP^_VoJHZOEŁrK
IJOX` JO(`jOX^_O(Ig\]h4

`rK
SiOXIJlK
SiOXSiO(I
JHO K
IJ\]O(JHISiQISiO(I-O(HZIO(` 
³IIO(IPV[`rhiNFQISŁK
Qc}z 
KYJHO|uOXPRPRQISiO(IUHN MO(OX`ROXI YK
IlK=M
O(Jhw^_ 
O(HZIO O(HZVRO(`O(I4PRHS
IH'LK
IVRO(I:s0HIJLK
IlK
MZOaO+V[OvHZOU
zbzqO(HZIO(I 
rQPRO(I	vHZ`R\]O(M
O(`=O(IIO(IMK=PRPROXIqosPR^_O(HIV5JHO 
O(`ROXHIcxK=^_gVRO 
K
`PVRO(MMZQISJOXP2s0HZIJLK
IlK=MPkK
MZP`RO(^_VRO(^#gHSiO
Ch4* wSiMpz
~b\\nz
¸{¥¤	
HI#O(HZIO(NOX`RPV[O(I ~^_`HZVRVvS
O(`ROX^_VRcdO(`V[HZS
V7(QyPRO(HZIqz
 

	   
  
	

	
	
  

:
3  
#
0.8 0.85 0.9 0.95 1
U/Umax
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Messung
Rechnung
x = -935 mm,
Mitte Drehscheibenring
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x = -1130 mm,
vor 1. Absaugung
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Z
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x = -910 mm,
Vorderkante 2. Absaugung
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x = -860 mm,
Mitte 2. Absaugung
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x = -780 mm,
Ende 2. Absaugung
0.8 0.85 0.9 0.95 1
U/Umax
0
20
40
60
80
100
Z
Messung
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x = -620 mm,
6mm vor dem Laufband
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Rechnung
x = -80 mm,
Mitte Laufband
0.8 0.85 0.9 0.95 1
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Z
Messung
Rechnung
x =550 mm,
60mm hinter Laufband
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-140 -130 -120 -110 -100
Y
0
10
20
30
Z
1.00
0.98
0.96
0.94
0.92
0.90
0.88
0.86
u/u
∝
LDA-Messung:
Laufbandende
-140 -130 -120 -110 -100
Y
0
10
20
30
Z
1.00
0.98
0.96
0.94
0.92
0.90
0.88
0.86
u/u
∝
Simulation:
Laufbandende
-140 -130 -120 -110 -100
Y
0
10
20
30
Z
1.00
0.98
0.96
0.94
0.92
0.90
0.88
0.86
u/u
∝
LDA-Messung:
Laufbandmitte
-140 -130 -120 -110 -100
Y
0
10
20
30
Z
1.00
0.98
0.96
0.94
0.92
0.90
0.88
0.86
u/u
∝
Simulation:
Laufbandmitte
-140 -130 -120 -110 -100
Y
0
10
20
30
Z
1.00
0.98
0.96
0.94
0.92
0.90
0.88
0.86
u/u
∝
Simulation:
Laufbandanfang
-140 -130 -120 -110 -100
Y
0
10
20
30
Z
1.00
0.98
0.96
0.94
0.92
0.90
0.88
0.86
u/u
∝
LDA-Messung:
Laufbandanfang
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Laufbandoberseite
Anströmung
Winkanal-
boden
Auswertungsebene
Messung / Rechnung Spalt
Laufband - Boden
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